



SCIENCE, TECHNOLOGY AND SOCIETY
Science, Technology and Society
edited by 
B . V.  S r e e k a n t a n
Indian Institute o f Advanced Study, Shimla 
National Institute o f Advanced Studies, Bangalore
First published 2009
© Indian Institute of Advanced Study, Shimla, 2009
All rights reserved. No part of this publication may be 
reproduced or transmitted, in any form or by any means, 








New Delhi 110 005
Printed at 
Pearl Ofiset Press Pvt. Ltd.





Emerging Technology o f MEMS and Indian Initiatives 1
V K Aatre
Applications o f  Nuclear Technologies for Societal Benefits 15 
Srikumar Banerjee
Applications o f  Space Technology 37
K Kasturirangan
Science, Technology and Environment 59
Sukumar Devotta
Challenges in Higher Education in the Face o f India's 83
Demographic Ascendancy 
P Rama Rao and B K Anitha
Quality o f  Engineering Education 115
NJRao
The Technological Challenge in Health Care 133
MS  Valiathan
Programmes for students and teachers - the Science 
Education initiatives o f  Indian Academy o f  Sciences 143
N Mukunda
The Impact o f  the Genomic Revolution on Medicine 155
T S Sridhar
Role o f  Scientist in Relation to Society 169
S S Kumar
Genes, Criminal Behaviour and the Law 177
Sebastian JPadayatty and HSharat Chandra
Introduction
A three-day  N ational Sem inar on  “ Science, T echnology and 
Society” was held at the National Institute o f  Advanced Studies, 
Bangalore as a collaborative venture o f  the Indian Institute o f  
Advanced Studies, Shimla and the National Institute o f  Advanced 
Studies, Bangalore during 26-28 M arch 2006. T he objective o f  
the seminar was to bring to focus the series o f  problems that the 
Indian society is facing w hich are becom ing m ore acute day by 
day which however can be solved or mitigated to  a large extent 
by judicious and timely application o f  Science and Technology. 
W hile such a seminar naturally will have very many areas to be 
addressed an attem pt was made in this seminar to have authentic 
presentations and discussions on a few o f  the most pressing ones. 
From this point o f  view, the seminar covered some o f  the high 
technology areas like atomic power, space technology. Health and 
M edicare, Genetics and Biotechnology, M odern  M edicine and 
Surgery, N ew  Em erging Materials Technology and developments 
in Electronics and Communications and Higher Education. Special 
efforts were m ade to  bring  in  experts in  these fields to  make 
presentations on the current status o f  the country’s efforts in these 
fields. Most importantly, instead of making the discussion a closed one 
and only among experts in the field, an exercise which happens most often, 
in this seminar the active participation during the discussion time by the 
special invitees among whom were college students and teachers from 
institution in an around Bangalore, media personnel who handle S& T  
matters, social workers involved in missions to take science to the masses in 
the urban and civil areas was ensured. O f  course, there were a large 
num ber o f  scientists and researchers from  various institutes in 
Bangalore too. T he program m e o f  the sem inar is given in the 
Appendix-A, w hich brings ou t the full scope o f the seminar. A
b r ie f  sk e tch  o f  th e  b io d a ta  o f  th e  e m in e n t scien tis ts  and 
technologists is also presented in Appendix-B.
The inaugural session was held on the evening o f  26* March 
2006. Extracts from the very perceptive addresses made by the 
dignitaries on the dais are given below.
Dr. Kasturirangan, Director, NIAS after welcoming the dignitaries 
o n  th e  dias, H is E xce llency , th e  G o v e rn o r o f  K arn a tak a , 
H o n o u rab le  Sri T .N . C h a tu rv ed i, H o n o u rab le  M in iste r for 
Planning, Sri Rajasekharan, Dr. Bhalchandra Mungekar, Member, 
P lanning and also the C hairm an, Indian Institute o f  Advanced 
Study, Shimla, Professor Goverdhan M ehta, other, distinguished 
participants, and invitees, outhned briefly the aims and objectives 
o f  NIAS. H e said that the NIAS was born  out o f  the vision o f  the 
late Bharat R atna, Sri J.R .D . Tata w ho envisaged that m en and 
wom en o f  competence and broad outlook would come together 
here at NIAS for a few weeks and exchange and deliberate on 
various issues affecting them  all and listen to the ideas and views 
o f  invited distinguished faculty. It is in this perspective that the 
programmes o f  research activities, lectures, seminars, conferences 
etc. o f  NIAS have evolved over the last tw o decades in to  an 
institution o f multi-disciplinary character. The Institute has grown 
from strength to strength over the years under the able and visionary 
leadership first o f  Dr. R aja R am anna and later on, o f  Professor 
Narasimha. NIAS is continuously on the look out for appropriate 
themes that emphasize this im portant character o f  the Institute. In 
this context, D r R angan recalled that, about a m onth back w hen 
Professor Sreekantan and Professor Subbarayappa apprised him  
that the Indian Instimte o f Advanced Study, Shimla had approached 
them  w ith a request for holding a national seminar on Science, 
T echnology and Society, in  w hich  there  w ould  be scope to  
deUberate on the various issues o f  Science and Technology, how 
they affect the society, and look at their various dimensions, that 
he readily agreed to this collaborative enterprise. W hile India is 
poised for a healthy economic grow th in the com ing years and 
decades, at the same time both urban and rural societies are facing
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serious problems w hich will becom e m ore acute in the future 
regarding water, power, health services, education at various levels, 
environmental degradation, pesticide contamination in water and 
food products, communication, transportation, safety o f individuals 
and institutions, and so on. It was thus decided that this seminar 
would look at some o f  the related aspects, which require the use 
o f  science-based high technologies to  address these issues and 
problems. H e m entioned that the topics that will be covered in 
the series o f  talks were those related to genetics and biotechnology, 
health and medical care, education, both  higher and technical, 
environm ental concerns, new  techno log ies, h ig h -tech n o lo g y  
e lec tro n ic s , c o m m u n ic a tio n  and  in fo rm a tio n  tech n o lo g y , 
applications o f  nuclear and space technology, energy options and 
alternatives. H e thanked the initiative and support o f  Professor 
Sreekantan and Professor Subbarayappa, for draw ing up the 
progrem m e and also getting some very em inent speakers w ho 
have spent their lifetime in many o f  these areas. In fact, the very 
k ey n o te  address in  in au g u ra l session w ill be by P rofessor 
Goverdhan M ehta, an em inent scientist, a w ell-know n name in 
the area o f chemistry, w ho recendy took over as the President o f 
the International Council o f  Scientific Union, probably the second 
tim e an Indian has been honoured w ith the highest position in 
the global scientific context. H e was also the form er Director o f 
the Indian Institute o f  Science. D r Kasturirangan said that we were 
indeed fortunate to have him  deliver the im portant keynote address 
that would set the trend for the deliberations on both  the days o f 
the seminar.
D r Kasturirangan, before finishing his welcome address specially 
thanked His Excellency, the Governor, Sri T.N. Chaturvedi, for 
his presence and said that he has always shown keen interest in 
NIAS and has been following the developments o f  this Institute. 
H e was a constant source o f  inspiration and advice and had been 
ever willing to come and participate in the deliberations.
H e also thanked the H onourable M inister Sri Rajasekharan, 
for having come all the way firam Delhi. H e was a very wonderful
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colleague o f  him  in the Rajya Sabha, a true Gandhian, a very 
modest and humble person but at the same time extremely well- 
inform ed about the issues w hich he was handling today in the 
M inistry for Planning, and he is ever interested in picking up 
ideas.
D r R angan  specially thanked  D r. B halchandra M ungekar, 
Member, Planning Commission, and the Chairm an o f the Indian 
Institute o f  Advanced Study, w hich is sponsoring this Seminar, 
and invited him  to say a few words on behalf o f the Shimla Institute.
Dr. Mungekar in his welcome address as the Chairm an o f  HAS, 
Shim la th an k ed  N IA S  fo r re sp o n d in g  to  th e ir  req u es t fo r 
organizing this extremely im portant seminar. Speaking o f  Shimla 
Institute he said, in 1964 the late Dr. Radhakrishnan dreamt o f 
establishing an Institute o f  Advanced Study at Shimla, and followed 
it up by donating the R ashtrapati Bhavan, w hich was earlier 
Viceregal Lodge where the institute could start functioning as it is 
doing even now. It was planned to be a interdisciplinary research 
center in the country engulfing all im portant issues and segments 
o f  various aspects o f  social, cultural and political educational life 
o f the country. Since 1964, organizing these kinds o f  seminars and 
conferences and also public lectures has been one o f  the most 
im portant single activity o f  the Institute. D r M ungekar want on 
to say that the seminar o f  today’s them e is Science, Technology 
and Society in w hich Technology has been the most im portant 
m otive-or locom otive for that m atter -  o f  civilizational change. 
All im portant developments in civilization and probably culture 
o f  hum an society for the last thousands o f years have been shaped 
in one way or the other by scientific discoveries, inventions and 
technologies. N o t a single aspect o f  societal life has been im mune 
and exempted and perhaps has not been developed and leveraged 
p rogressively  by tech n o lo g y  and  sc ien tific  d ev e lo p m en t — 
agriculture, industry, telecommunication, sources o f  energy, means 
o f transport, education. T he im portant contribution o f  technology 
to  h u m an  so c ie ty  is m a te r ia l d ev e lo p m e n t. B u t m a te r ia l 
development is not the only objective o f  society. Society is based
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on certain immortal and eternal founding principles. Technological 
development is not a substitute for practising basic hum an values. 
The purpose o f  technology is to facilitate betterm ent o f material 
conditions o f  life. B ut hum an life becomes rich and meaningfiil 
w hen we interpret it in terms o f  certain basic values. Such values, 
according to him , include dem ocracy based on  liberty, equality 
and fraternity, secularism, compassion, tolerance, mutual trust and 
respect, cooperation, character, integrity and concern for others. 
B ut in a m ulti-religious, m ultilingual and m ulticultural society 
like India it is obligatory for everyone to respect the language, 
religion and culture o f  other individuals and social groups. This 
requires a systematic attem pt on the part o f  every agent o f civil 
society to  develop and n u rtu re  the  sense o f  b e lo n g in g  to  a 
com posite culture. R ich  and advanced countries in the w orld 
m ust stop adopting econom ic and political measures that will 
harm  the interests o f  the developing countries. Today one comes 
across a greater divide between the rich and poor nations o f  the 
world. T he divide must be bridged at the earliest. W hat is most 
im portant is that no country in the world, however powerful it 
may be, can take the liberty to intervene in the domestic affairs o f  
other countries, let alone making aggression against them. It is in 
th is co n tex t th a t a s trong  public  o p in io n  am ong  scientists, 
technocrats, academicians and intellectuals at the world level must 
be created opposing any design o f  putting humanity either pardy 
or wholly into the danger o f  war.
Q uoting Dr. Sarvepalli Radhakrishnan, Dr. M ungekar said “ It 
is no t possible for us to gain universal brotherhood unless you 
transform the nature o f  man, unless you are able to depend not 
merely on the external structure but on the inward soul, unless 
we are able to feel in the pulse o f our brain that we all belong to 
one hum an  race, unless we are able to  transcend o u r group 
loyalties and acknowledge the primacy o f  the hum an race” .
Hon. M. V  Rajasekharan the C hief Guest o f  the fimction -  started 
his address with a quotation from Gurudev Rabindranath Tagore; 
“ I slept and dreamt that life was joy. I awoke and saw that life was
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service. I acted and behold! Service was joy.” In the m odern-day 
world expectations from Science and Technology, are getting higher 
and higher. Science and Technology is called upon  to  provide 
solutions to almost all the problems faced by society. Science and 
Technology is an im portant vehicle for growth and development 
o f  our society. India, is one o f  the top-ranking countries in the 
field o f  basic research in Science and Technology. Science in India 
has come to be regarded as one o f  the most powerful instruments 
o f  growth and development, especially in the em erging scenario 
o f competitive global economy. Since time im memorial India has 
been utilizing traditional scientific knowledge. And the application 
o f  m odern  scientific knowledge has helped to overcome many 
difHcult problem s, for exam ple invention o f  lifesaving drugs, 
te lem ed icine , te le -ed u ca tio n , satellite-based  developm en t o f  
com m unication  netw ork, and the agricultural revolution have 
brought m uch relief to our people. At the onset o f  Independence, 
the first Prim e M inister o f  free India, Pandit Jawaharlal N ehru, 
called science the very texture o f  life, and optimistically declared, 
“ Science alone can solve problem s o f  hunger and poverty, o f  
insanitation and illiteracy, o f superstition and deadening customs” . 
U nder his leadership the Governm ent o f  India set off to address 
th e  n u m ero u s  p ro b lem s o f  society . T h e  g reen  rev o lu tio n , 
improvement in educational standards, establishment o f  scientific 
laboratories, IITs, and setting up o f premier scientific institutions 
such as the Council o f  Scientific and Industrial Research, Atomic 
E nergy C om m ission , N ational Physical Laboratory, N ational 
C hem ical Laboratory, Indian A gricultural R esearch Institute, 
launching o f  massive hydroelectric projects and en try  into the 
frontiers o f  Space, all evolved fi-om his early decision to embrace 
high technology. He was able to usher in the scientific revolution 
in  o u r co u n try  and  laid  th e  fo u n d a tio n  fo r sc ien tific  and  
technological developm ent, w hich  few o th er earlier colonial 
countries ever achieved in a single span o f  lifetime. D uring the 
last sixty years or so the country has built a num ber o f  scientific 
and educational institutions. Today the country  has the largest
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technical and scientific manpower, reasonably self-sufficient in 
fo o d  p ro d u c tio n  and  d o n e  w ell in  m ilk  p ro d u c tio n . 
A c c o m p lish m e n t in  Space T ech n o lo g y , A to m ic  E nergy , 
Biotechnology, and Defence Research have been remarkable. W ith 
economic reforms already in progress our industry and trade are 
m oving in the righ t direction to reach the developed country 
status in  the near future, provided a powerful technology base is 
p repared . M ahatm a G andhi had always em phasized m aking 
villages se lf-su ffic ien t to  m ee t th e ir  daily needs, in c lu d in g  
em pow ering them  to becom e village republics. Now, the most 
m o d ern  tools o f  in fo rm ation  technology, b io techno logy  and 
knowledge systems may be employed to achieve his dreams. There 
is a need to intelligendy integrate ideas and design a management 
strategy to  develop a strong rural technology base in agriculture 
and non-agriculture, and specially in infrastructure-cum -service 
secton. Setting up o f  m ore and m ore rural technology-based rural 
e n te rp rise s  w ill n o t o n ly  u p g ra d e  h u m an  skills, g en e ra te  
employment and create wealth, bu t will usher in an era o f  growth, 
developm ent and o ther opportunities for our people. This will 
necessitate a radical change o f  m indset and a strong belief in 
innovativeness and management o f  changed concepts. If  there is a 
quest for scientific and technological discoveries, then equally 
im p o rtan t is to  generate  a quest for applications o f  various 
technological innovations for benefiting the rural masses at the 
grassroots level, for overall im provem ent in  their lifestyle and 
surrounding conditions in rural areas. To achieve this, as Gandhiji 
said, “P u t the people at the center o f  every developm ent” . T he 
M in is te r  p o in te d  o u t th a t re c o g n iz in g  th e  im p o rta n c e  o f  
know ledge  in  th is g lobalising  w orld , th e  H o n o rab le  P rim e 
Minister Dr. M anm ohan Singh had set up a National Knowledge 
Commission to  develop new  concepts for higher education, boost 
research and developm ent activities in  science and technology 
and institutions and to  increase the competitiveness o f  domestic 
industry in  the years ahead. T h en  the H on. M inister Sri M.V. 
R ajasek h aran  h ig h lig h ted  th e  progressive ro le  o f  th e  UPA
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governm ent in giving emphasis to rural developm ent through 
scientific interventions and im plem enting program mes. And in 
the national C om m on M inim um  Programme. He also stated that 
th e  U P A  g o v e rn m e n t w ill fo llo w  p o lic ies  and  in tro d u c e  
program m es to  strengthen India’s vast science and technology 
in fra s tru c tu re . S c ien ce  and  te c h n o lo g y  d e v e lo p m e n t and  
application missions vdll be launched in key areas covering both 
global leadership and local transformation.
Finally, the minister pointed out that the economic growth o f  
In d ia , p a r tic u la r ly  ru ra l In d ia , needs a u n iq u e  m o d e l o f  
em ploym ent-oriented growth and calls for a new  scientific and 
technological order w hich prom otes rural production for urban, 
metro and global consumption through application o f  innovative 
technology w ith low investment.
H e closed his address w ith a quotation firom M ahatma Gandhi 
referring to seven social sins afflicting our present society -  “politics 
w ith o u t principles, w ealth  w ith o u t w ork, com m erce w ith o u t 
m o ra lity , e d u c a tio n  w ith o u t  ch a rac te r , p leasu re  w ith o u t  
consciousness, science w ith o u t hum anity , w o rsh ip  w ith o u t 
sacrifice” .
His Excellency Sri T.N. Chaturvedi in his inaugural address said 
he would like to congratulate both  the Indian Institute o f  Advanced 
Study, Shimla, whose Chairm an happens to  be w ith us here this 
afternoon and the NIAS for this kind o f  a collaborative effort. H e 
was aware that NIAS had been making a num ber o f  collaborative 
efforts o f  this kind and ventures o f  this type w hich really indicate, 
the interdisciplinary and the multidisciplinary requirem ents o f  a 
knowledge society o r o f  knowledge itself. T he Shimla institute 
was set up because o f  the visions o f  Dr. Radhakrishnan and Pandit 
Jawaharlal N e h ru  and sim ilarly this Institu te , NIAS, owes its 
inception to the vision and the farsightedness o f  Sri J.R .D . Tata. 
This seminar assumes im portance because its subject is Science, 
Technology and Society. O ne can say that it is just a reassessment, 
a summing up at a very crucial period o f  our national life o f  the 
role that science and technology will play in the transformation 
and development processes o f  the country.
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H e recalled the opportunity he had to be associated with the 
Indian Institute o f  Advanced Study, Shimla w hen the first review 
com m ittee was established, w ith  the em inent archaeologist and 
historian Dr. SankaUa as the C hairm an and Professor A.K. Das 
Gupta, the em inent economist, as a member. H e happened to be 
a m em ber o f  that review com m ittee sometime in 1978. And he 
said that w ith some am ount o f  pride and w ith due humility he 
w ould like to  subm it that he had some role to  play through a 
supplementary note o f  his as a m em ber o f  that com m ittee when 
the Institute was in the doldrums, and he sometimes felt happy 
w hen his note is quoted in the documents o f  the Indian Institute 
o f  Advanced Study, though it has no t been possible for him  to 
visit that Institute since then. B ut he is aware that, like NIAS here, 
the Institute has been doing a lot o f  publications and holding a 
num ber o f seminars and probably that was the idea o f  N ehru and 
Dr. Radhakrishnan w ho initially decided to  have an Institute o f  
this kind on  the m odel o f  Princeton, etc. H e finds this seminar 
very interesting because one o f  the im portant things is that the 
effort is to bring in the members o f  the civil society, N GO s, the 
o th e r in terested  people, and n o t ju s t a sem inar o f  only  the 
professionals and the experts o r the scientists themselves but in 
order to  spread the awareness wider, to  bring in and ensure the 
involvement o f  the society at large, the effort is being made in this 
particular seminar. T he programme that has been worked out has 
been very imaginatively designed. I think there is hardly any aspect 
o f  science in relation to development, w hich will not be covered 
in this seminar. So far as India is concerned the Governer said all 
o f  us are aware that we have a rich cultural tradition in the country 
n o t only in  arts, literature, philosophy, and religion but also in 
science, along w ith  C hina, w here a lo t o f  w ork  was done as 
portrayed by Professor Joseph Needham .
T he Governer said in the development o f  science in this country 
five phases are extremely important. T he first phase is a part and 
parcel o f  w h a t m ay be called th e  Ind ian  R enaissance. T his 
Renaissance was not confined only to Bengal, though it had its 
beginnings there. It spread to  the o ther two Presidencies, that is
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Bombay and Madras, and it had its glimmerings in different parts 
o f  the country. T he second phase was the Swadeshi movement, 
w hen the Indian Institute o f Science was conceived by J.N . Tata -  
another upsurge in our history, reclaiming our sense o f  national 
pride. H ere, one can say that nationalism , patrio tism  and the 
scientific spirit got intertwdned. T he third phase, one may say, was 
the developm ent that took  place du ring  the tw o W orld Wars, 
particularly the Second W orld War, w hich affected the country 
willy-nilly because it was under colonial rule. And as Gandhiji 
said, the world was never the same after the holocaust, Nagasaki 
and Hiroshima. In any case, it gave a fillip to the development o f  
science and technology in this country. T he fourth phase was the 
post-Independence period, again under the leadership o f  N ehru  
w ith the vision he had o f  science and technology in this country. 
We know  the w onderful story o f  institu tion  building and the 
people w ho contributed to the growth and the development o f  
institutions. T he fifth, his Excellency said, is the last twenty-five or 
thirty  years w hen  there is a feeling that India is em erging as a 
knowledge society, as a scientific power, as a nuclear power, an 
economic power, and so on. This is another assertion o f the spirit 
in this country for development and it is im portant that this kind 
o f im portant seminar w hich is being held to show what this country 
is thinking o f  in the eleventh plan and what has been done. That 
is why it is a question o f  taking stock o f  what can be done about 
the problems w hich were m entioned by the two earlier speakers, 
the  M in iste r for P lann ing  and the  M em ber o f  the  P lanning 
Com m ission -  the developm ent o f  frontier technology, nuclear 
science. Space science, electronics, IT, B T  and nanotechnolgy. 
Science and technology have made an impact on society. There is 
no area o f  life w hich will be left untouched in the years to come 
and that is why the H onourable M inister rightly quoted Pandit 
N ehru  as saying that science is the instrum ent o f  developm ent 
and will solve all the problems in every sphere. T he im pact o f  
science and techno logy  is significant even on  the  subject o f  
education, h igher education  and science education, w hich  is
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fundamental and basic to development o f  science and technology 
and even society. Science will transform society and already we 
are feeling its impact on the economy, polity and society. And that 
is why it is good to find that we wall be discussing in this Seminar, 
the role o f  education  and the problem s and issues relating to 
higher education and science education. T he G overnor pointed 
out that at least some thought ought to be given to the problems 
o f  prim ary and secondary education, o f  foundational education. 
Again, the role o f science and technology in bridging the economic 
or the social divide which Dr. M ungekar talked about, is important. 
O ne o f  the things which has recently come up is the question o f 
shortage o f  teachers, particularly in the field o f  higher education
-  in IITs and so on. These problems have been highlighted in the 
hope that they will be dealt w ith in this seminar. O u r achievements, 
aspirations have exceeded  o u r expectations b u t m uch  m ore 
requires to be done. So how  can this problem  be solved? T he 
problem  that has been  heard here and elsewhere and even in 
Parliament at some point o f  time is the question o f  the fijndamental 
sciences and the applied sciences and so on, and how  to attract 
youngsters. T he government is doing something about them. That 
is why it is a question o f  stocktaking, assessing the lacunae to be 
overcome and inadequacy to be made up.
T he Governor then emphasized the role not only o f  the State 
and the C entral governm ent b u t that also o f  Industry and the 
C orporate sector. T he Prim e M inister m entioned at a m eeting 
that privatization o f  education is m uch too early. H e may have his 
ow n v iew po in t b u t th en  the  question  o f  partnersh ip  is very 
necessary. Unless business, industry, the corporate  sectors also 
extend their support it will be very difficult to solve these problems. 
As far as the State is concerned, its role in this naturally has to 
diminish. T he role o f the State in many sectors has to  be redefined. 
B ut that o f  course, doesn’t m ean that the lesser governm ent or 
the lesser the role o f  the State does n o t necessarily im ply an 
indifierent State or an indifferent government. They have to take 
into account the totality o f  the problem and the society we live in.
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In this State o f  Karnataka the very many great Dewans like Seshadri 
Iyer, Sir M.V. and M izra Ismail worked out the concept o f  co­
partnership. So we have to think o f  the ethical issues, not only o f 
science but also o f education and also the social issues -  how  they 
can  be tack le d  in  th is  c o n c e p t o f  p a r tn e rsh ip  an d  w h e n  
responsibility is also assumed by the private sector. As N eh ru  
said, there is no th ing  like private or pubHc sector, there is the 
national sector, the society as a w hole. T he A IC TE, the U G C  
have been thinking o f  these things and some o f  the best minds in 
the country are here to discuss these issues and could keep these 
thoughts in mind, participating in this seminar now  w ith many 
people w ho are working in this field.
Talking o f  the new  developm ents like Edusat, telem edicine, 
genetics, biotechnology, the G overner cautioned that there are 
negative and positive aspects, controversies over seeds etc to be 
taken note o f  So m uch has been said about rural India and urban 
India and taking health and medicare to rural India. U rban India 
is only a continuum  o f  rural India and rural poverty. We should 
take a comprehensive, not confrontational view. Ecology and the 
environm ent have to  be considered. T he w ord  ‘environm ent- 
f r ie n d ly ’ is used  in  th e  c o n te x t o f  app lica tions o f  n u c lea r 
technology. Fossil fuels are getting exhausted and other energy 
options have to be considered. W ho knows these problems better 
than those w ho are sitting here and participating? All this makes 
this sem inar very  im p o rta n t. T h e  m essage, is th a t n o t ju s t 
compilation o f  scientific facts but the people have to be prepared 
for m eeting the future. H ow  we carry health, education facilities 
to the people, is a problem  whose solution has been eluding us 
all these years. Science is a blessing b u t it could  be a curse 
depending on how we use it -  the ethical and moral issues, not 
only in research bu t also elsewhere. N o t only our country but 
the whole world is concerned w ith moral and ethical issues. The 
help o f  the Indian pharm aceutical industry is being sought in 
one o f  the Afirican countries in treating AIDS and HIV. This' is 
something that is very exhilarating to each and every one o f  us 
but that also shows what the possibilities are there for the country.
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It is good to see that in our country science is not confined to the 
various institutes bu t there is so m uch o f  interaction betw een 
various institutions o f higher learning and scientific learning and 
universities because we have to attract and pool the talent in this 
country and achieve m uch closer coordination between science 
departm en ts and o th e r in stitu tio n s  o f  h ig h er sciences. It is 
heartening to find that the Indian Institute o f  Science is now  
collaborating w ith the Mysore University and setting up a campus 
there. This kind o f  an inclusiveness and interaction, will greatly 
help to solve many o f our problems not only o f science, education 
and research but also in taking social issues to the people.
The Governor unshed the seminar all success.
Apart from the fact that the seminar itself provided an occasion 
for free and frank discussion on  the various issues, one very 
desirable and welcome outcom e was that practically all the speaken 
provided the w ritten versions o f  their presentations. In this volume, 
these presentations w hich have a rich con ten t o f  valuable and 
authentic inform ation w ith a portrayal o f  the future plans o f  the 
governmental agencies and definition o f  those that need to  be 
shared and im plem ented by o ther non-governm ental agencies. 
We do hope it w ill be a valuable addition to  the books and 
proceedings o f  o ther similar conferences held earlier that have 
already appealed. I w ould like to  thank Prof. B V Subbarayappa 
for the encouragement he gave for undertaking the organization 
o f  this seminar by NIAS and also in advising us on the possible 
speakers on the various topics. I w ould also like to thank Prof. 
B huvan  C h an d el w h o  was the  D ire c to r o f  th e  In stitu te  o f  
Advanced Study, Shimla w hen the proposal for this collaborative 
seminar was m ooted and for suggesting that this should be held 
at the National Institute o f  Advanced Studies, Bangalore.
B V  S r e e k a n t a n  
National Institute of Advanced Studies, Bangalore
B V SREEKANTAN x ix
Emerging Technology of MEMS 
and Indian Initiatives
V K A A T R E
G ood afternoon. It is normally no t a good practice to start a lecture 
w ith  an apology. U nfortunately I am forced to  do that for the 
simple reason I don’t work in this field. I don’t do research in the 
field o f M EM S or smart materials. But som ehow I got into this 
area in trying to design certain acoustic absorbers for an underwater 
vehicle. I ran into a chiral material. W hile discussing w ith experts 
in this field, I heard about a new  fields -  the emerging field o f 
smart materials and M EM S, w hich I shall explain to you. And 
later on, in  the early nineties I happened  to  get involved in 
organizing the first course oti Smart Structures and MEMS at the 
Indian Institute o f  Science. Since then I have been deeply involved 
in this very highly application—orien ted  technology. I had the 
good fortune to  run a N ational Program , for all the scientific 
departments - D R D O , DST, DOS, C SIR , D epartm ent o f  IT. To 
some extent D R D O  have been instrumental in starting a Society 
for Smart Materials and Structures based around the Indian Institute 
o f  Science. T he Indian Institute o f  Science is very active in the 
R & D  aspects o f  this field and we are trying to look at industrial 
application and product developm ent em bedding M EM S and 
smart materials. I could have talked to you about Light Com bat 
Aircrafts, Submarine systems or Oceanography, which I am more 
familiar with. However, I thought I should introduce you to this 
em erging technology.
W hat is this smart material? W hy is it we are talking about 
smart materials? If  you look back at the development o f technology
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itself in the last century or in the last fifty years o f that century, 
m ost o f  the electronics and m achines w ere developed using 
m aterials w h ich  had no rm al p roperties  like w e ig h t-b earin g  
capacity, tensile strength, ductihty, malleability, and so on; but none 
o f them  really interacted with the environment. Can we somehow 
design materials which interact w ith the environment and change 
their properties w ith the change in environment or adopt to the 
environm ent? T h ink  o f  cham eleon w hich adopts its colour to 
(Fig. 1) the environment. T he touch-m e-not — or in Kannada we 
call it "muttidare muni’ - closes its leaves if you touch it. W hy should 
it close? It is reacting to the environment. Should we not call it 
smart. Can we design such systems -  the smart systems. And then 
insects. O ne o f the most fascinating creatures with Unconventional 
aerodynamics. They flap their wings. And m orphs their wings. 
Can we design systems o f  this kind? Some o f these things could 
be done by using these smart material structures.
Let me give you two examples before talking about the materials 
themselves. I have shown a robotic hand (Fig. 2). These days we 
hear about robotic surgery. T he doctor perform ing the surgery 
would like to know the structure o f  the tissue the robotic hand is 
encoun te ring , w hich  can be in ferred  by force feedback. Just 
im agine that you are holding som ething in your hand. W hat
Naturally Smart
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happens? At the tip o f the fingers we have tactile sensors -  touch- 
sensitive sensors. W hen you press, there is a force feedback, which 
is conveyed by the neural systems to your brain which somehow 
analyses the force feed back. If you are holding a rock, the force- 
feedback would be very high. And on the other hand if  you are 
holding a sponge, the force will be small. O n  the other hand if 
you are holding an egg, it will tell you w hen not to press any 
further. Can we design systems which such touch sensors? If we 
could, look at the application potential, the answer is that we can 
build such systems. We are trying to build laparoscopic surgery 
instruments where we need such force feedback systems, though 
not for full robotic surgery.
In India we have many old bridges. C an we m on ito r their 
health. Suppose there is a wall and there is a crack in the wall. If 
it is an interior crack, we will not be able to recognize the crack 
till it manifests as a surface phenom enon and it may be too late to 
take any action. If  we can, we recognize it at the initiation o f the 
crack itself then it may be possible to correct it. Fiber optic sensors 
can be embedded in structures like this and m onitor their health. 
In universities hke Stanford they have demonstrated this and went 
a step fu r th e r  - “ se lf-h ea lin g  b r id g e s” . W h en ev er th e re  is 
recognition o f a crack, we can embed a vial, which gets punctured 
and a jelly in that vial flows into the crack and fills it. No, this may
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not Jje a perm anent solution but at least, it has initiated action to 
prevent further damage. In India we have started such an activity 
to m onitor the health o f  the bridges.
But what does all this mean? Suppose we can build a system 
w hich  can em bed b o th  a sensor (w hich is norm ally  gives a 
electrical o u tpu t to  an m echanical input), an actuator (which 
normally implies a mechanical output to an electrical input) and 
the required control and com m unication electronics in a single 
chip, we can build a Micro electro mechanical system. In addition 
we can have materials w hich interact w ith  the environm ent -  
m aterials w hich  change th e ir properties due to  tem peratu re  
changes, change in stress, viscosity, or changes its properties because 
o f  the dampness, we have a Smart System (Fig. 3). Suppose you 
can think o f  a gel w hich can absorb m oisture and increase its 
volum e and reduce its volum e w hen  it is dry, we can build  
‘locom otion’ using such gel. And control it.
We should not define ‘smart materials' as if we define ‘smartness’ 
in hum an  beings. Sm art m aterials som ehow  react w ith  the
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env ironm ent, adjusting th e ir p roperties to  the env ironm ent. 
Rem em ber, a decade or earlier, children used to play with toys -  
toys which when put in a frig change their colour; or T-shirts that 
change their colour when you blow on it. Such is the field which 
I want to  talk to you this m orning — a system which has sensing 
m echan ism , an ac tu a tin g  m echan ism , c o n tro l m echan ism . 
Obviously, if  we are going to build such a system for say health 
m onitoring a bridge, they have to miniaturized so that they should 
not interfere w ith the structural integrity o f  the structure itself 
when embedded in the structure. It must not change the properties 
o f the structure.
We have developed excellent silicon technology and m icro 
electronics. N ow  we are looking m iniaturization o f  mechanical 
com ponents -  beams, cantilevers, gears, m otors, pum ps, m icro 
fluid systems etc. We would like to extend this technology beyond 
silicon and to include other metals and materials like polymers. 
We are expanding the horizon materials to include electorstrictive, 
magnetostrictive, rheological, thermoresponsive, electro-chromic, 
shape m em ory materials. These materials can be used for either 
sensing or actuating.
T he first m icro-m achine was built several decades back -  a 
m otor built using Piezo-electric material. Piezoelectric is perhaps, 
the first sm art m aterials we knew. M aterials like quartz, lead 
zirconate titanate, barium  titanate produce mechanical strain on 
apphcation o f electric voltage and vice versa. In fact, I have been 
using such material for developing under water transducers for 
decades. And today many o f the smart systems use a piezo-ceramic 
material. The first m otor was built like a standard m otor with a 
rotor and a stator, rotating at very large rpm. Obviously such motors 
cannot be used for power generation. Can we find uses for such 
m icro m otors and find an application w here hundreds o f  them  
can be used for a specific purpose? R em em ber how ants carry a 
long stick whose weight is perhaps more than the com bined weight 
o f the ants. This is multiplicity in action. W hen we build micro­
systems, we can use such multiplicity to produce amazing results.
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Some times such micro technology is called M -cubed technology
-  Micro, M ultiplicity and Multidisciphnary.
I do not want to overstress the apphcation potential o f MEMS, 
Smart System; or in general Micro-systems. Such technology uses 
many m ore materials than piezo materials — polymers, electro- 
conductive polymers, electro-active polymers. MEM S have given 
raise to M O M S (micro-opto-mechanical systems), and M OEM S 
(m icro-opto-electro-m echanical systems). R em em ber that today 
alm ost every th in g  can be m in ia tu rized . B ulk p roperties  o f  
materials still hold at the micro level unlike Nano material where 
we are (almost) operating at the molecular level and the properties 
at the m olecular level are n o t necessarily similar to  the bulk 
properties., whereas here we are not going to that level. T he bulk 
properties o f the material still hold.
M icro m achining technology is fundamentally based on the 
already well developed Silicon technology. We have been using 
such technology for producing m icro electronic chips (VLSIs, 
ASICS, M M ICs, etc.) for nearly fifteen years and now  we can 
pack a million transistors on a single chip. We know how to handle 
the  m icro c ircu its . I f  we can ex ten d  this IC -tec h n o lo g y  to  
m echanical com ponen ts we can build  m icro-sensors, m icro ­
actuators or in general micro systems. W ith such systems we can 
well imagine the areas o f applications -  aero space and defence, 
au tom otive  sensors and elec tron ic  systems, com m u n ica tio n , 
biological and health  sciences (bio-M EM S), structural health 
m onitoring, data storage, ink-jet printers, m icro-fluidics, micro 
m irrors etc; application is lim ited by the individuals ingenuity 
and innovativeness. In my opinion, there is not a single field where 
such technology is not applicable. We in India missed the silicon 
technology but we should not this micro system technology. This 
revolution is only a decade, or a decade and a half old, and we 
have been working on it for about five to six years. So we are not 
that far behind the world scenario. If we miss this revolution also, 
I think we w ould have missed most o f  the main technological 
revolutions. That is why this group o f  ours is trying to spread this
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technology o f  Smart Systems and MEMS. Several institutions - 
IISc, T IFR , IITs, NAL, several D R D O  laboratories, ADA, ISRO, 
several C SIR  laboratories -  are working in this area and on wide 
variety o f materials -  piezoelectric, electro and magneto strictive, 
polym ers, p o lym er gels, op tical films, e lec tro  and m agneto  
rheological fluids, shape m em ory alloys -  and started developing 
devices and products.
Silicon m icrom achin ing  uses w hat pho to lithography and a 
n u m b er o f  o th e r  allied  tech n o lo g ies  use. M ic ro m ach in in g  
technique itself is slighdy different from the silicon technology. A 
silicon foundry cannot be directly used as a m icrom achining 
foundry. In m icrom achin ing  we have b o th  surface and bulk 
m icrom achining techniques. Details can be found elsew here. 
How ever, it is sufficient for us to  know  that th ro u g h  these 
techniques we have been able to fabricate micro mechanical systems 
like micro cantilever. Many application need such cantilevers. We 
are planning to use this in a biom edical application. All India 
Institute o f Medical Sciences, IIT Delhi, IIT Bombay are together
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designing a TB diagnostic chip using such cantilevers. By coating 
the cantilevers — which are 0.5 to l micron thick — w ith certain 
antigens or chemicals we can develop diagnostic kits (for medical 
applications) or gas detection kits (for pollution and environmental 
monitoring). Besides cantilevers, we have micro machined beams, 
spirals, gears, tongues, motors etc at various academic institutions 
in India. For example at T IF R  we have fabricated a system with 
four tongues or curlers (Fig. 4) which on application o f electrical 
field can curl in or out.
M icro  acce le ro m e te rs , p ressu re  sensors find  very  w id e  
application in autom obiles — anti-collision airbag sensors, tire 
pressure sensors, manifold pressure sensors etc. IIT, Chennai has 
built such sensors and Bharat Electronics has packaged the same 
(Fig. 5). O ne o f the first Micro systems fabrication was attempted 
at Solid State Physics laboratory o f  D R D O  — a possible m icro 
flow m eter to detect and measure minute am ount o f gases. O ne 
can build other kinds o f microstructures including R F  M EM S - 
radio frequency m icro -e lectro -m echan ica l systems. We build  
inductors, capacitors, transmission lines, wave guides etc. Such 
work is being done at IIT, Delhi and BEL. .
Let me say few words about rheological fluids, where we can 
control the viscosity by applying either electrical or magnetic fields.
Pressure Sensor
8 SCIENCE. TECHNOLOGY & SOCIETY
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Fig. 5
T h e  po ten tial application o f  such viscosity con tro l in shock 
absorbers is clear. Such shock absorbers o r far superior to the 
mechanical ones because o f  the speed o f  operation. Suppose you 
can Such kind o f  w ork is in initial stages in India. C oncep t 
demonstration has been done at N PO L, D R D O  using suspending 
carbonyl iron particles in castor oil and demonstration o f  viscosity 
control, and non-arching switch has been done.
Sm art systems and M EM S have very w ide application  in 
military systems (Fig. 6). For example, in rotor crafts, largest amount 
o f  noise comes because o f  the flexing o f  the ro tor blades. Buy 
introducing certain micro sensors -  and o f  course, building the 
required electronic control systems along with them  we can reduce 
the noise. Indeed vibration suppression systems is an im portant 
application o f  M EM S. A nother m ajor envisaged application in 
aero structures. If we want to build micro air vehicles (insect like 
vehicles) we need build wings w hich can change their shape, 
thickness and contour during flight. We are about to m ount such 
a program in India.
M EM S also find application in medical and health sciences. 
O ne major potential application is in D rug delivery systems. Today
Aeronautics and Aerospace - General
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chem otherapy for cancer (some believe that chem otherapy is 
nearly as dangerous the disease itself) may do some damage to 
the cells surrounding the cancer cell. T he question is w hether we 
can design drug delivery system that can be aimed at the specific 
cells only. O f  course, we are still to do lot o f work to achieve this. 
We may have to resort to nano technology to achieve this rather 
than micro systems technology. (Though I am not going to talk 
about Nano science or technology, let me digress a little. A few 
decades ago ago, there was a movie called “ Fantastic Voyage” . A 
military General has a cerebral thrombosis in an area w hich is 
impossible to be operated in the normal way. Few brilliant scientists 
decide to m iniaturizes (nano!) a subm arine along w ith  three 
m edical personal people and injects the w hole thing in to  the 
G eneral veins. This nano subm arine navigates to the specific 
location o f  the brain and the operation is successfully performed. 
Science fiction! Yes. But we must remem ber to-days science fiction 
may becom e tom orrow s reahties. T here are sufficient instances 
for this. If we read books from Eric Drexler’s ‘Engines o f Creation’
-  where he talks about molecular assemblers and self replicating 
nano robots — or M ichael C rich ton’s ‘Prey’ -  where he paints a 
scary picture o f  such a happening, one wonders about scientific 
inventions and techno log ica l innovations. B ut we m ust also 
remember that technology is a dual-edged sword. It can be used 
o r abused; abused intentionally  or otherw ise. N o th in g  comes 
w ithout risk.) We have m ounted a program for a drug delivery 
system -  insulin dispensing. India will have the dubious distinction 
o f having forty per cent o f  the world’s diabetics within the next 
few years. A large num ber o f  them  will be uneducated (and 
perhaps illiterate) and would not be able to carryout the instruction 
for taking insulin. An insulin dispensing system would be a boon 
(Fig. 7). Such a system which perhaps packed in the form o f  wrist 
watch would carry a micro needle to extract a drop o f blood and 
sensor to  m easure th e  g lucose c o n te n t o f  the  b lood ; th en  
depending on the requirem ent a micro pum p and fluidic system 
would inject insulin -  carried in a micro vial -  at the required
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rate. There are a num ber o f problems to be solved including that 
o f  a micro battery to power the whole device before such a thing 
becomes a reality.
Damping unwanted sound is very important. O ne o f the first 
things in demonstration o f  smart systems I saw was that o f Smart 
Wall Paper w hich can be pasted on to the walls to render the 
room  nearly sound proof. I have listed all these examples to 
indicate that the vast scope o f  this technology. Virtually nothing 
seems to be impossible. AppHcation are spread from aero space 
to autom otive application, from structural health m onitoring to 
smart bridges, from diagnostic systems to drug delivery systems, 
fi-om smart shoes to smart cosmetics; only limited by our ingenuity 
and innovativeness.
As in d ica ted  ea rlie r S tru c tu ra l H ealth  m o n ito r in g  in  an 
im p o r ta n t  area o f  a p p lic a tio n  o f  M E M S. T h e  S tru c tu ra l 
Engineering Research Centre o f  Chennai has embedded sensors 
(externally) to  m o n ito r the  health  o f  a b ridge in Vizag (for 
m o n ito r in g  the hea lth  o f  s tructu res sensors shou ld  actually
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em bedded internally at the tim e o f erecting the structures). We 
are also looking in to health m onitoring o f composite structures 
(Fig. 8) w here  delam ination  is a m ajor problem . T his is an 
im portant issue in Light Com bat Aircraft w hich has 40% composites 
in its structural material. Vibration suppression is another area o f 
application. At the laboratory level we have obtained encouraging 
results in v ibration suppression by using M EM S. M any o ther 
applications hke flutter control are possible application and NAL 
is looking in to several o f  them. In an aircraft it is im portant to 
measure the pressure across the aerofoil section in situ. We are 
planning to im plem ent such a scheme in LCA through MEMS 
sensor tapes which are being fabricated at BEL.
W ith such a vast field o f  apphcation, we have taken certain 
steps in India. It all started w ith an International Conference on 
Smart Materials and MEM S conducted in 1996 in collaboration 
with SPIE. At that stage only 10% o f  all the papers presented were 
from India. In 2005, last July, w hen we conducted the Fourth 
C onference o f  this series 65 per cent o f  the papers were from 
India. This happened due to two factors -  formation o f  Institute 
o f  Smart Materials and Structures (ISSS) and a National Program 
on Smart Materials (NPSM). NPSM  was run by D R D O  through
Fuzzy-Neuro Health Monitoring for Laminated Composites
Damage detection through artifictal neural network (A N N ) usmg dynamic lesponse
A N N  trained to recognize the known patterns and classHV the data based on these patterns
Fig. 8
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ADA and supported by the five scientific departments -  D R D O , 
C S IR , D O S, D ST  and DIT. T h ro u g h  this program  we have 
estabhshed design centers across India, m ounted R & D  programs 
in materials, devices and packaging, estabhshed fabrication center 
for MEMS, sensitized various com m unities -  academic, research 
and industrial -  ab o u t this field, and co n d u c ted  m anpow er 
development programs. The CAD Centre was initially established 
at the Indian Institute o f  Science and today we have 19 centers 
operating in India. T he SCL I m icron silicon foundry has been 
expanded to fabricate MEMS. We have also established a packaging 
fiicihty at BEL. All in all NPSM  has been successfijl program in 
establishing this highly application o rien ted  area o f  sm art and 
m icro systems (Fig.9).
W ith the kind o f  enthusiasm it has generated and the wide 
spread research and development work taking place in materials 
and devices in the area o f micro systems, I would only hope that 
we do not miss the revolution taking place in the area o f Smart 
Systems and MEMS.
Smart Materials & MEMS Applications
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Applications Of Nuclear Technologies For 
Societal Benefits^
S R IK U M A R  B A N E R JE E
Let me first thank the organizers for giving me this opportunity 
to talk to you about how exactly nuclear technologies are related 
to societal benefits. T he first part o f my talk will be about nuclear 
power generation, which is our primary concern. T hen  I will go 
over to  the non-p o w er applications o f  radiation and isotope 
technologies. There we will see the coverage on healthcare, food 
irradiation and agriculture, water desalination, and urban and rural 
waste management. I shall also touch upon some o f the spin-ofF 
technologies.
Elcclricity ___
 ̂ Fluid Fuel ,
^  ' Sub*ti'fute, '
^  Wot«r
Various Applications of Nuclear Energy
'Based on a talk given in the “National Seminar on Science, Technology 
and Society”, NIAS, Bangalore, 26-28 March, 2006
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1. ENERGY NEEDS
India needs to increase the per capita power consumption which 
has a direct relationship with the quality o f  life o f  its people. O ur 
per capita electricity consumption is close to 600 kW h where as 
it is nearly 13000 kW h in the USA. To realize high growth rate in 
our economy -  which is typically at the level o f 7-8% today, and 
can touch 9-10%  very soon, we need to grow  our electricity 
generation capacity at a very fast rate. W hat is being projected is 
that there will be something like a tenfold increase in the installed 
capacity reaching up to 1300 G igaW att electrical (GWe) in India 
by 2050.
We have been considering all possible sources o f  energy — 
fossil fuels, hydro-electricity, non-conventional energy and the 
nuclear energy to reach this installed capacity o f  1300 GWe by 
2050. O u t o f this, we shall be reaching the maximum o f hydro­
electric potential soon which will be about 150 GWe. The non- 
conventional com ponent w ould at best grow to 100 GWe. T he 
fossil fuels, which form  the main com ponent today, may be scaled 
up to 800 GWe. Therefore, it is necessary to raise nuclear power 
in the next 50 years to about 275 GWe. This wiU correspond to 
20-25% o f the total installed capacity.
¥»«r
Projected growth in installed capacity
2.THREE-STAGE PROGRAMM E
N ow  let me explain how exactly we have chalked out our program 
and what are the basic guiding principles which were thought o f 
long ago by D r Bhabha. R ight fixjm the beginning we have been 
working for the indigenous developm ent o f  reactor technology 
and building a comprehensive capability in fuel cycle technologies.
We selected the pressurized heavy water reactor (PH W R ) as 
the reactor system. There is a good scientific basis for choosing 
the PH W R . O ur uranium reserves are not very large and we have 
to utilize this reserves to the m axim um  possible extent. Each 
kilogram o f  mined uranium is best used in a P H W R  because of 
the neutron economy and the excellent fuel management possible 
in this type o f reactor and the fissile uranium-235 is used to the 
maximum extent. Secondly, the P H W R  is a good system to convert 
the  fertile  u ran iu m -2 3 8  to  an o th e r fissile e lem ent, namely, 
plutonium -239. Moreover, the P H W R  does not require a large 
size pressure vessel.
N ext we wanted that the technology development has to be 
totally indigenous. This includes both the reactor technology and 
the fuel cycle technology which includes mining o f  uranium ore, 
its processing, fabrication  o f  fuel, u tiliza tion  in the reactor, 
reprocessing o f spent fiael and finally immobilization o f  high level 
nuclear waste. C onsidering the fact that o u r know n uranium  
reserves are modest but the thorium  reserves are very large, the 
three-stage nuclear power program has been envisaged.
In the first stage, the natural uranium is fed into the pressurized 
heavy w ater reactors for generating  electrical pow er and for 
producing fissile plutonium -239 from the fertile uranium-238 in 
the reactor. And you can see that with our resources o f  uranium, 
we have something like 300 Gigawatt electrical-year total energy 
po ten tia l that will com e from  indigenous uran ium  reserves. 
P lu to n iu m  p ro d u ced  in the  first stage is go ing  to  feed the 
p lutonium -fuelled fast breeder reactors in the second stage o f 
nuclear power programme. W ith conversion o f uranium 238 into 
plutonium, the energy potential can be multiplied by a factor o f
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hundred or so. Moreover, in the second stage with introduction 
o f  fast breeder reactors w ith high breeding ratios the installed 
capacity can be raised rapidly.
T horium  is yet another fertile material which once converted 
to fissile uranium 233, can fuel our reactors in the third stage o f 
the programme. O nce we come to that stage, we can sustain a 
high level o f  power production for several centuries.
This three-stage program requires a kind o f  successive growth, 
and it is simply no t possible to  ju m p  or bypass any o f  the in 
between steps. Let me explain the role o f  fast breeder reactors in 
th e  th ree -s tag e  p ro g ram m e. An im p o rta n t re a c to r  physics 
parameter called h is the average num ber o f  neutrons liberated in 
a single nuclear fission. T he variation o f  h w ith energy o f  the 
neutron is different for the three fissionable nuclei: uranium-235, 
plutonium -239 and uranium-233. For plutonium -239, it increases 
to a value close to 3 at neutron energy exceeding 1 MeV. This 
num ber is very important. W hile we need one neutron to continue 
the chain reaction, the second neutron can be utiUzed for converting 
one m ore fertile nuclide to a fissile nuclide for producing fresh 
fuel for fuelling the same reactor. And h being more than two, 
opens up the possibility o f  breeding that is generation o f  fuel 
which can support a second reactor. This is the advantage o f using 
p lu to n iu m  in fast n eu tro n  spectrum  o f  fast reactors. Excess 
neutrons thus produced can be utilized to convert thorium  into 
uranium -233.
T he three stage program m e invariably requires operation o f 
the  closed fuel cycle. T his co n cep t has found  in te rn a tio n a l 
acceptance only recently.Till last year, major countries in the world 
were not adopting the closed fuel cycle because it involves handling 
and using plutonium. The recent change has come about as it is 
being recognised that the closed fiael cycle is also essential for the 
long term  managem ent o f  nuclear waste. Normally, the lifetime 
o f  radioactive waste burden is over 10,000 years and that can be 
reduced to less than a few hundred years if  one adopts the closed 
fuel cycle. This can be further reduced w ith  the induction o f
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Number o f  neutrons produced per fission in and “ ’Pu
accelerator-driven systems w here nuclear waste incineration is 
possible to a large extent.
W hat is this closed fuel cycle? Mixed uranium ore goes through 
several steps o f  chem ical processing for m aking either natural 
uranium or enriched uranium  fliel for feeding to nuclear reactors 
in once through fuel cycle. After burn ing  a m ajor part o f  the 
fissile nucleide the spent fuel is conditioned and dispersed
in a long te rm  disposal site. In contrast the spent fuel w hich 
contains Pu^^’, is reprocessed for recovering this valuable fissile 
material which can be used very effectively in fast reactor. In contrast 
in the once through cycle one essentially takes out uranium ore 
from m other earth and dispose plutonium  and many other higher 
actinides w hich have m uch higher radiotoxicity level and very 
long radioactive life essentially creating a radioactive mine.
Plutonium is best used in the fast breeder reactors, as is planned 
in our second stage o f the program. Fast reactors also will convert 
thorium  to fissionable uranium -233 w hich can be used in the 
third stage. In the closed cycle most o f  the higher level radioactive 
waste is incinerated in fast reactors and therefore the long lived 
waste burden is substantially reduced. T he relatively small volume 
o f radioactive waste is vitrified in the form  o f very stable glass, 
which can be stored in a deep geological repository with several 
protective barriers.
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3. C U R R E N T  STATUS OF THE TH REE STAGE PROGRAM M E
W here are we in the three-stage program today? T he PH W R s 
are operating using natural uranium  as fuel and are generating 
electricity, and also producing plutonium. Presently, we have fifteen 
operating PH W R s and two boiling water reactors. We have three 
m ore PH W R s and two Pressurized Light Water Reactors under 
construction. The latter are the 1000 MWe reactors coming up at 
Kudankulam with Russian assistance. India has the largest num ber 
o f  reactors under construction today. Indian PH W R s have also 
reg iste red  reco rd  capacity  u tiliza tio n . O n  th e  basis o f  the 
experience we have gained with a 40 M W t fast breeder test reactor 
operating  for the last 20 years. We are bu ild ing  a 500 M W e 
prototype fast breeder reactor (PFBR).
Already we have som e experience w ith  the Kamini reactor 
using uranium-233, separated from spent fiael containing thorium. 
But this is just a small (30 kW t) critical facility. We are now working 
on the design o f  a 300 MWe advanced heavy water reactor, which 
will be a technology demonstration reactor for thorium  utilization
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and give us in itia l e x p e rie n c e  to  h an d le  th o r iu m -re la te d  
technologies. And then, we are going ahead with the development 
o f a high-tem perature reactor, which is under design. And finally, 
the accelerator-driven systems will lead us to sustainable energy 
production on a scale o f several centuries.
Three Stage Nuclear Power Programme
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Three Stage Nuclear Power Programme
T he reactors operating  today are all d istribu ted  across the 
country. Till recently, in India, nuclear energy has been cost 
comparative if they are located about 800 kilometres away from 
the coal pit. But the situation is changing very rapidly and nuclear 
pow er is becom ing com petitive to therm al power even in the 
vicinity o f the coal pit.
I will just outline the proposed program o f  20,000 MWe by 
2020. T he curren t installed capacity is 4,120 MWe. T he three 
PH W R s under construction will take us to 4,780. Two reactors at 
Kudankulam will raise this capacity to 6,780. W ith the 500 MWe
PFBR we will reach 7,280 MWe. We are also planning to build 
another eight 700 MWe PH W R s and four fast breeder reactors o f 
500 MWe each. This is the projection o f  the growth o f  nuclear 
power till 2020 prim arily through indigenous technology. There 
is a possibility o f  adding m ore nuclear pow er stations through 
im port w hich  essentially depends on the m uch talked about 
International C ooperation.
4. CHALLENGES IN NU CLEA R  PROGRAM M E
N ow  let me tell you the challenges we faced and how they were 
m et. T he m uch needed indigenous capability in fabrication o f 
fuel, structural materials and m astering heavy water technology 
for P H W R  program m e has been  achieved. D evelopm ent o f  
sophisticated equipm ent, com puterized reactor control system, 
repair, refurbishm ent, life estim ation and extension o f  reactor 
components, improvement in several safety features, reduction in 
the construction time have been accomplished.
In each o f  the above items, we have had success and reached a 
level o f  maturity. It is finally reflected in the performance, which 
is always given in terms o f capacity utilization. The Indian P H W R  
performance indeed touched a world record in 2002; the capacity 
utilization reached 91%.
T he P H W R  has a lattice array o f pressure tubes, each o f them 
providing a pressure boundary  for the high tem perature high 
pressure heavy water coolant to extract heat fi-om the fuel bundles 
placed inside them . Heavy water is carried in to these coolant 
channels through a myriad o f  prim ary heat transport pipes. The 
fuelling machine has to engage with each o f these pressure tubes 
for managing the fuel bundles. So one can imagine a huge reactor, 
where the distributed pressure boundaries are being penetrated 
every day. M astering this extrem ely difficult technology by the 
Indian engineers has been a noteworthy achievement.
India is one o f the very few countries o f  the world who have 
the indigenous capabilities for the entire fuel cycle. Manufacturing
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PH W R  E N D  SHIELD
FUELING MACHINE
nuclear fuel and s tru c tu ra l m ateria ls m ee tin g  the  s trin g en t 
specifications has become fiilly standardized and the performance 
o f  these com ponents are upto the international benchmark.
W here do we stand in regard to fast reactors today? We now 
have good experience o f operating the fast breeder test reactor. It 
operates at around 550°C using liquid sodium as coolant. Sodium 
and that too in the liquid state, is a very reactive metal. Use o f 
sodium as the primary coolant o f the fast reactor offers a number 
o f  technological challenges. We can proudly say that in these 20 
years, we did not have even a single failure o f  the fuel clad in this 
sodium  environm ent.
We have been using a mixture o f uranium carbide and
plutonium  carbide as the fuel, for the first time in the world. Such 
a fuel is being used which has generated over 150,000 M W d o f 
energy per tonne. This is indeed a very remarkable success. The 
discharged fuel has also been reprocessed to recover plutonium  
which will not only support the fuel for its own, but also generate 
enough fuel for starting more reactors.
B reed in g  n ew  fissile m ate ria l is possib le on ly  i f  fuel is 
successfully reprocessed. We no w  have adequate p lu to n iu m  
inventory to make 500 MWe fast breeder reactors.The construction 
o f  first 500 MWe fast breeder reactor is already started in 2004, 
and we expect it to be operational by 2010.
5. GROW TH OF NUCLEAR POW ER
T he initial growth o f our nuclear power is through PH W R s. 
N ext will be fast reactors with metallic fuel. I just m entioned to 
you about the breeding ratio or the doubling time; i.e., how quickly 
one reactor can generate fuel for a second reactor. T he doubling 
tim e for present oxide fuelled fast reactors is rather long. So 
improving breeding ratio using metallic fuel is one o f  our important 
agenda. This will greatly reduce the doubling time to about 20 
years or so. That will lead to a faster capacity o f  growth and then it 
will also be possible to increase the unit capacity to 1000 MWe.
6. INTERNATIO NAL CO O PERATIO N
There have been a lot o f  discussion and newspaper reports on 
in te rn a tio n a l co o p e ra tio n  in  n u c lea r energy. W h a t are the 
advantages? First, in India, we will have a faster build up o f  power 
g en era tio n  capacity  in  the  nex t tw o to  th ree  decades. As I 
m entioned to  you, we will no t need any external fuel supply 
when we use the thorium  reactors. But it will take a few decades 
from now  and it is not possible for anybody to reduce this time.
T he second advantage is that we can induct large-sized power 
plants -  1500 MWe plus -  and co-locate four or six o f them  in a 
place. So that will immediately solve the present power crisis. We
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can also ind igen ize  the ligh t w a te r reac to r tech n o lo g y  and 
development. This will essentially require reactor pressure vessel 
manufacture and uranium enrichm ent on a commercial scale. O n 
both these fronts, we had success on an experimental scale. It is 
possible to go for full-scale industrial development as soon as we 
go for the pressurised water reactor (PW R) technology. There is 
an im portant advantage to have a mix o f PW R s and PH W R s. 
T h e  spent fuel from  P W R s can be fed to P H W R s w ith o u t 
reprocessing. So, very in teresting  fuel cycle possibilities will 
em erge.
U nder international cooperation, natural uranium in the form 
o f yellow cake can be imported, and used to run Indian PH W R s. 
Then Indian industry can support capacity growth o f 1000-2000 
MW e per year and the P H W R  program m e can be expanded 
beyond 10000 MWe.
B ut w hat are the advantages to  the world? First o f  all our 
experience o f  the P H W R  technology can be shared w ith any 
country entering into the nuclear energy program. O ur 200-500 
MWe sized plants will be most suitable for such countries. We 
can share experience in operation and replacement o f  components, 
coolant channels, feeder pipes, etc. We have done these at lower 
m an-rem  expenditure, that is, the quantum  o f  radiation exposure 
to operating staff engaged in such operation O n  this count our 
record is the best in the world. We can export structural materials 
and heavy water. We can also play a leading role in disseminating 
fast reactor and th o riu m  fuelled reactor technology. A nother 
im portant point is that with the price o f fossil fuels in international 
market will be decided by the growing Indian energy demand. 
We can also save significant am ount o f  C 0 2  burden by reducing 
dependence on fossil fuels.
7. INNOVATIVE R EA C TO R  DESIGNS
Regarding innovative reactors, we are planning to jum p into the 
third stage o f the program, which is based on thorium  utilization.
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We have m ade a design o f  an advanced heavy w ater reactor 
(AHW R). This is a heavy water moderated and light water cooled 
reactor. The power output will be 300 MWe and a major part o f 
that will come from thorium . An im portant feature o f  A H W R  is 
tha t it will have a passive co o lin g  system  based on natural 
circulation driven by a therm o-siphon.
This technology w hich has been proven experim entally will 
be one o f  the inherent safety features. T he design life o f  the reactor 
is ab o u t h u n d red  years w h ich  w ill im prove the  econom ics 
considerably. T he design concept o f  this reactor has been included 
as one o f the innovative concepts in the IAEA forum.
AHWR Reactor
A H W R  Reactor
8. H Y D R O G EN  EC O N O M Y  & HIGH TEM PERATURE  
REACTORS
N ext im portant development is in the high tem perature reactor 
technology. W ater cooled nuclear reactors w ork at about 300° 
Celsius. If  the coolant temperature is raised to ~  950-1000 degrees, 
nuclear power can be used in the hydrogen economy. Hydrogen 
is one o f the best carriers o f  energy and is a substitute for fluid 
fuels. The sulphur-iodine therm o-chem ical process can break up 
water molecules into hydrogen and oxygen. Hydrogen production 
at about 80,000 m^ per hour is possible w ith a 600 M W t high 
temperature reactor froin which electricity is also produced. Low 
grade heat from the same system can be used for desalinisation to 
produce potable water. In existing reactors, in the off-peak hours, 
we can do electrolysis -  steam electrolysis or water electrolysis -  
leading to hydrogen production. So this is how  nuclear energy 
will be linked up w ith the hydrogen economy.
Towards developing the high tem perature reactor technology, 
we have taken up the design and development o f  Com pact High 
Temperature R eactor (C H T R ). This 100 K W th, 1000°C, three 
layer coated T R IS O  fuelled reactor will serve as a technology 
dem onstrator for H T R s. T he engineering system developm ent 
for H T R  havmg 600 M W th, 1000°C, T R IS O  fuel is also being 
pursued.
9.ACCELERATOR D RIVEN  SUB-CRITICAL SYSTEM
The accelerator-driven system will be inducted into our program, 
maybe a few decades later. In addition  to producing  energy, 
converting fertile m aterial to  fissile, it will also be useful for 
reducing the burden o f  waste in the long term . Eventually, the 
fusion-based reactors will com e in to force, and they will also 
support waste incineration as well as electricity production.
10. APPLICATIONS IN  HEALTH CARE
N on-pow er applications o f  radiation and isotope technologies
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p erta in  d irectly  to  healthcare , nuclear ag ricu ltu re  and food 
preservation, industrial applications and urban and rural waste 
m anagem ent.
We use gamma radiation and electron radiation in radiation 
technologies. In addition to food preservation, these are used for 
sterilization o f  medical products, treatm ent o f  municipal waste, 
and breeding o f  new seeds via mutation. Each o f  these applications 
is well developed in our program. In healthcare, the radioisotopes 
Iodine-131, Iodine-125 or Technetium-99 are used for diagnostics. 
Radiation therapy is done w ith Cobalt-60, Caesium-137, Iridium- 
192 and Phosphorus-32. Sterilization via radiation is done often 
w ith  C obalt-60. We have also built tele-therapy m achines for 
radiation treatment. O ne o f our indigenously developed machines 
has been supplied to A C T R E C  in Navi M umbai. This machine 
costs just half that o f  the im ported one, while matching with all 
the in ternational specifications. T h e  Tata M em orial C entre  at 
M umbai is in the network o f 19 regional cancer centres spread all 
over India.
We supply isotopes to over 500 R IA  labs and about a hundred 
nuclear m edicine centres all over the country. M ajority o f  the 
hygiene products that w e use are actually being sterilized by 
radiation at the ISOM ED in M umbai for over 30 years. Another
BH ABHATRON:The Indigenous Cobalt-60 Teletherapy Unit
five plants are working in the country for medical sterilization. 
T he advantage o f  this programme is that the sterilization is done 
after packing thereby avoiding any infection later.
T he use o f  radiation processed hydrogel is very effective for 
dressing burn v^^ounds because it allows wounds to breathe easily 
while keeping them  com pletely sterilized. R adiation processed 
hydrogel is already a commercial product.
11. LINKAGE W ITH AGRICULTURE
U sing m utation  by rad iation  and by cross-breeding we have 
developed 26 approved seeds w hich are already put to farmers’ 
use. We are particularly successful in oilseeds and pulses. T heir 
yield, quality and stress, both biotic and abiotic have been improved 
considerably. T h e  new  g ro u n d n u t seeds are large in size and 
belong to confectionery variety. The Trombay-Akola urid, TAU, 
is so popular that this variety covers about 95% o f  the total urid 
cultivated in Maharashtra, and 40 % in the country.
Several radiation processing plants are now  com ing up in the 
private sector. Any m utation that occurs in nature is also done by 
cosmic radiation. We simply accelerate the process through artificial 
radiation. There were some misgivings initially that if something 
is do n e  by rad ia tio n  it w ill in d u ce  rad ioactiv ity . H ow ever, 
electromagnetic radiation cannot induce any radioactivity in food 
substances. T he success in spreading the use o f radiation mutated 
seeds is due to our linkages w ith  agriculture universities, seed 
c o rp o ra tio n s , K rish i V igyan  K endras, n o n -g o v e rn m e n ta l  
organizations and also through progressive farmers.
12. FO O D IRRADIATION
T he shelf life o f  onions and potatoes is limited due to sprouting. 
This can be inhibited by irradiation. Both gamma radiation and 
electron radiation can be used because we need to treat only the 
surface as sprouting is a surface process. In case o f  rice, pulse or 
rawa, insect disinfection is needed. In the recent past, exporting
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KRUSHAK irradiator at Lasalgaon, Near Nashik
mangoes has become possible after the quarantine treatment we 
give via irradiation. Microbial decontamination is essential in spices 
before export. We have a 30 tonne per day plant operating in 
Navi M umbai since 2000. The KRUSHAK irradiator at Lasalgaon 
near Nashik has a capacity o f processing 10 tonnes onions/potatoes 
per hour.
13. INDUSTRIAL APPLICATIONS
Radio-isotopes have several applications in industrial radiography, 
industrial tom ography, nucleonic gauging systems, radiotracer 
applications, and cross-linking o f  polymers. I will illustrate a few 
o f them.
In large-scale chemical plants, any internals are visualized using 
gamma scanning. A gamma source and a detector are moved along 
the height o f tall columns o f  chemical plants. Internals o f  column, 
flow, blockage, etc. can be easily visualized by j-ray scanning.
A major use o f  electron beam irradiation is in cross-linking o f 
the polym er insulation o f  high capacity electric cables. Railways 
and also some Naval units are making use o f this technique.
O th er uses o f  radiation are in shape m em ory appHcations in 
polym eric m aterial and co louration o f  diam onds. By creating 
colour centres, ordinary diam ond can be changed to coloured 
diamond. This is an extremely profitable operation. We are building
a 10 M eV Radio Frequency Linac for use in electron irradiation
— which will be used for both food products and industrial items.
14. DESALINATION
Desalination is an im portant com ponent o f our work. We are trying 
different techniques for desalination; namely, reverse osmosis, 
m ulti-stage flash evaporation, low -tem perature evaporation and 
hybrid systems.
At Kalpakkam we are building a hybrid nuclear desalination 
plant employing the multi-stage flash evaporation and the reverse 
osmosis technique. T he low pressure steam from a power plant 
can be directly used for multi-stage flash (MSF) evaporation. The 
product o f  the MSF stream is com plem ented by another stream 
based on reverse osmosis (RO) desalination. Generally R O  water 
degrades w ith  extended period  o f  operation o f  the m em brane 
used. The MSF water being very pure, the hybrid system will be 
able to m aintain the quality o f  potable w ater for an extended 
p e r io d . T h e  e s tim ated  cost o f  th e  d esa lin a ted  w a te r from  
Kalpakkam plant is about 12 paise/litre. In Lakshadweep we have 
provided the design o f  a desalination plant w hich makes use o f 
the tem perature difference betw een the surface and the deep 
interior in the sea. This difference in tem perature is enough to 
run  the plant. Q u r R O  based desalination plants are in use in 
several villages in Rajasthan and Andhra Pradesh. In coastal areas, 
where scarcity o f  potable water arises in some occasions, barge- 
m ounted desalination plants can be very effective. A demonstration 
plant o f  this type has recently been fabricated.
We have also developed a techno logy  for dom estic w ater 
purifier. Twelve companies are currently selling these filters using 
our technology.
15. M ANAGEM ENT OF MUNICIPAL WASTE
Gamma irradiation is also used for management o f  municipal 
waste. We have set up a plant in Baroda which takes in the sewage
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waste and makes it totally pathogen-free after ti. Ua' ‘on treatment. 
This waste, which is otherwise difficult to handit, jecom es good 
saleable manure. T he total count o f  harmful bacte ial drops down 
significantly w hich enables substantial increase in the count o f  
rhizobium  introduced in the sludge. W ith  increased rhizobium  
the efficacy o f the manure for nitrogen fixing gets enhanced. This 
manure is being marketed through the Kri'-.hi Vigyan Kendra in 
Vadodara.
For recycling urban and rural waste, we have developed a facility 
to treat kitchen waste and convert it into m ethane in a biodigester. 
M ethane can be fed back to the kitchen a s  a fuel or can be converted 
to electricity. This process has been quite useful in hospitals. 
Already seven plants are operating and m any m ore are under 
construction. It is a cheap way o f converting waste into energy.
16. SPIN-OFF TECHNOLOGIES
In the course o f developing nuclear technology, a wide variety 
o f  spin-offs have also been developed. To cite few examples, I 
must m ention the successfiil development o f  a range o f  electron 
beam  m elting , w eld ing  and p rocessing  o f  eq u ip m en t, pipe 
inspection gauges for assessing the health o f  cross country  oil 
p ip e lin e s  and  several sc ien tific  e q u ip m e n t such  as mass 
spectrometers, x-ray defractom eter and radiotelescopes.
17. C O N C LU DING  REMARKS
I have outlined the overall program m e o f  our research centre. 
This year, we are celebrating the 50 years o f BARC. Pandit N ehru 
inaugurated  the then  A tom ic Energy E stablishm ent Trom bay 
(AEET) on 21“ January, 1957. Many doubts were then raised as to 
how  a developing country such as India will progress along the 
path o f  nuclear technology. India being a developing country can 
grow in the path o f  highly sophisticated nuclear technology. Today, 
w hen we have the com plete indigenous capability o f  building 
nuclear reactors o f 540 MWe capacity, acquired the mastery over
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the com plete  nuclear fuel cycle and dem onstrated  the w ide 
ranging applications o f  rad ia tion  and iso tope techno logy  in 
industry, health care and agriculture, we can definitely claim that 
the dreams o f N ehru and Bhabha have been fulfilled.
T h e  success o f  n u c lea r energy  p ro g ram m e has received  
international acclaim. T he possibility o f  collaboration betw een 
India and o th er advanced coun tries in nuclear technology is 
o p en in g  up. I w ou ld  like to  co n c lu d e  m y p re sen ta tio n  by 
describing the present scene by a cartoon with a legend quoting 
Mahatma Gandhi says “ I do not want my house to be walled in 
on all sides and my windows to be stuffed. I want the cultures o f  
all lands to be blown about my house as freely as possible. But I 
refuse to be blown off my feet by any” .
Winds of Change
I do not uont my house to 6e walled in on off sides and u^ndou>s to he
stuffed I uunt the adtuns o f ail the lands to fe Blown about house as 
freely as possiBHe. <But I refuse to be blown cffm yjeet 6y any.
Q U ESTIO N  A NSW ER SESSION
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Dr M R  Srinivasan: Thank you for a very compr£ri» nsive coverage 
o f the developments in the field o f nuclear encrf,y. 1 believe we 
can take a few questions?
Q uestioner: You have used your applications for p ipeline
inspection  in steel pipes. C an  it be used for 
concrete pipes or earthen pipes like sewer line 
inspections? Because there are a lot o f  leakages 
in the sewer lines in most o f  the cities, including 
Delhi, Bangalore and that is polluting the ground. 
Can we inspect such pipes through your system? 
Dr Baneijee: It will be very difficult. This is due to two reasons.
Leakage is detected in steel pipeUne using the 
principle o f  magnetic flux leakage. Therefore, it 
will no t be possible to use this technique for 
concrete pipes. In case steel liners are used with 
concrete pipes, discontinuities in steel liners can 
be detected, in principle.
Q uestioner: Can the polluted lakes also be recycled? Like in
Bangalore, for example, we have about hundred 
lakes, some o f them  are very polluted.
D r Baneijee: W hat is needed will be m ore like a desalination
type process from  brackish water. By reverse 
osmosis, one can purify that water for making it 
potable.
Q uestioner: T hen we will have rain water and the lakes can
supply drinking water to Bangalore.
D r Banerjee: I think you are asking a shghtly different question.
That is called the rain-water harvesting program 
in w hich rain water is effectively collected and 
stored in large ponds or underground aquifers.
36 SCIENCE, TECHNOLOGY & SOCIETY
Q uestioner: I mean a recycling m ethod like...
D r Baneijee: For recycling, one can use reverse osmosis as a
very effective tool o f changing the quality o f  water 
and making it potable. And for that, one o f  the 
m ajor inputs is the suitable membrane. We have 
a very  s tro n g  p ro g ram  on  th e  m em b ran e  
developm ent and the mem branes developed in 
BA R C  are working quite satisfactorily.
Q uestioner; About the radioactive application in the food and 
agriculture sector, doesn’t it have any harm ful 
effect on hum an health? Will agricultural products 
like onion and potato which have been exposed 
to radiation be harmful to hum an health?
D r Baneijee: Any electro-magnetic radiation cannot transmute
a substance to a substance w hich is radioactive. 
Basic p rin c ip les o f  physics w ill straightaw ay 
exclude the possibihty o f  som ething becom ing 
radioactive by gamma rays. This is an unfounded 
fear in the minds o f people and it is only through 
ed u ca tio n  th a t w e can rem ove this k in d  o f  
apprehension. I can say this w ith hundred per 
cen t assurance th a t so m eth in g  irrad ia ted  by 
gamma radiation will not become radioactive. So 
there is no problem.
Applications of Space Technology
K K A S T U R IR A N G A N
T he Indian space program me is recognised today as one o f  the 
m ost successful one in the w orld in the m astering o f  several 
technologies against several odds, but more importandy, in utilising 
these technologies for the direct benefits o f  the society. I am happy 
to present before you, the emphasis given to applications o f space 
technology that has im portant societal implications.
Let me talk about some basic issues: how do we institutionalise 
and make society accept new  science and technology outcomes 
so that it feeds in to  societal developm ent? T h e  Indian space 
p rog ram m e perhaps occupies one o f  the  very  p re -em in en t 
positions in the larger context o f  societal developm ent in the 
country. It is not only in the context o f  our country’s development 
but also as an example o f  what a developing country could do to 
absorb the high-end o f  technology.
ASSETS A N D  VULNERABILITY
It is usefijl to know some statistics related to India, where space 
b ecom es re levan t. It is n o t a q u es tio n  o f  b r in g in g  all the 
dimensions o f the problems that one is familiar w ith when we 
talk o f  this country bu t the question o f  the population and o f 
resource surplus —  the upper 200 million population which can 
afford and the 500 million in between which live on the margins 
but have some abihty but not to the level o f  the upper 200 million. 
T here is also the marginalized, ‘unreached’ population o f  about 
300 million which is well below the upper two levels in terms o f 
income, quality o f  life, knowledge, digital access and so on.
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India: A  Snapshot
World's most pluralistic society (race,caste,religion,language...)
Population : 1100 Million
<700 MlHion (n Village) CR O P A R E A
fNlha}
PR O DU CTIO N
(M T)
P R O D U C TIV ITY
(T1
W H E A T 25 (3) 69 (3) 2.5 (32)
X  200 Million X RICE 42 (1) 82 (2) 2.8 (51)
/  \ SOR GH UM 11(1) 10.5 (2) 0.9(51)
• R «»ource  surplu* \
• 1
P ULS ES 25 <1) 14.8 (1) 0 .6(118)
Sourcm: Dr MS Swaminsthun
Food Security Now 2007*
F o od Production 212 M l 230 Mt
P o r C a p tU 1 M  2 kg/yr 162.5 kg/yr
Population 1100 M 1135 M
W fd«ning Divides 
Regional Disparity..
M A J O R  C H A I . I . F . N C E S  
Poverty Alleviation, Food Security, Sustainable Development
A griculture is a m ajor occupation o f  a m ajority  o f  Indian 
population and it contributes to the G N P in a very big way. Even 
though we rank third in the w orld in w heat p roduction , the 
productivity in tonne per hectare is very low and we are ranked 
32. Obviously there is a problem  o f productivity. Similar is the 
case in rice production; we are the first in terms o f the cultivated 
area but again in terms o f  productivity, we have serious problem. 
S o rghum  and pulses are som e o th e r  exam ples. T h e  m ajor 
challenges as evident from these statistics are poverty alleviation, 
food security and sustainable development.
A similar situation exists in regard to our land resource. The 
geographical area is 329 million hectares. We have a net sown area 
which is about 143 million hectares, both irrigated and rain-fed. 
We have a forest cover o f 64 million hectares —  both closed forest 
and the open forest -  which has fairly large bio-diversity. But it is 
fast degrading and depleting. If we look at the water resources o f  
the country, we have fairly good rainfall —  about 400 million 
hectare metres precipitating over the Indian land mass. But the 
amount o f water that is used is about 50 million hectare meters. 
Irrigation takes about 35 million hectare metres and other uses 
account for 15 million hectare meters. But what is important to
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India's Annual Soil L o u  5334 Mt
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Geographical area: 329 Mha 
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Forest Cover: 64 Mha
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Oeogr. A n a  
(M ha)
Watar avail. 
(H h a m )
100-900 92^7 15.92
7S0-1000 e s M 97.93
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note is the high temporal and spatial variability. Even though we 
have plenty o f  water, the question o f management o f  water in the 
various sectors o f national endeavour is the need o f the hour.
We have a coastline o f 5,700 kilometres a significant length o f 
which is cyclone-prone. About 40 million hectares o f  our land is 
flood-prone; 68 percent o f  the net sown area is drought-prone; 
about 116 districts or 55% o f the total area comes under seismic 
zones lying in the third, fourth and fifth categories and the sub- 
Himalayan and the Western Ghats are landslide-prone. Thus, we 
have many problems related to natural disasters.
We talk about major challenges in m onitoring and managing 
natural resources as well as the infi-astructure built-up. Qualitatively 
these issues have no t changed very m uch since independence; 
but quantitatively, the numbers are very different. There are also 
questions o f education, poverty, healthcare and so on.
CHALLENGES FO R THE SPACE PROGRAM M E
C ould a new  technology like space address some o f  the above 
p rob lem s in  an effective m an n er —  in a m an n er th a t the 
conventional systems cannot? T he Indian space programme went 
ahead in a m anner that was unusual in trying to answer these 
questions. First, it was necessary to test the space systems for
various app lica tions. T h is was d one  th ro u g h  som e h isto ric  
experiments, the Satellite Instructional Television Experim ent and 
the LANDSAT data acquisition for remote sensing applications. 
T he Satellite Instructional Television Experim ent was prim arily 
to prove the efficacy o f  a satellite-based system for distance 
education, developm ental com m unications, m ainly to convey 
messages related to health care, agricultural practices, environment 
and the like, specifically to the population in the rural areas, where 
there is a big know ledge divide. Im parting know ledge to  the 
rural population was therefore one o f the central them e that was 
addressed in this experim ent. A bout 2,400 villages were covered 
and 2 ,00 ,000  partic ipan ts  w ere involved. It was the  largest 
sociological experim ents conducted  anyw here in the world. It 
paved the way for developing the concept for the Indian National 
Satellite System, the INSAT.
T h e  e x p e r im e n t u sing  LA N D SA T, p r im a rily  addressed  
questions like: can we get timely, precise and accurate information 
about our natural resources? The LANDSAT provided vital images 
over the country where we could look at the wheat fields, forest 
area, geological areas, environmental aspects, the coastal regions, 
and  so on . For th e  first tim e , th e  Ind ian  Space R esea rch  
Organisation, along with the user community, evaluated satellite- 
based imaging capability for addressing some o f the issues relevant 
to our country.
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INSAT-4B
A n o th e r  area w e lo o k e d  at was
te lec o m m u n ica tio n s . A n in te re s tin g  
experim en t was co nduc ted  using the 
A nglo-French satellite. Sym phonic, to 
in te g ra te  th e  co n v e n tio n a l g ro u n d  
systems in telecom m unication and see 
the efficacy o f  a satellite-based system 
w h e n  it is in te g ra te d  w ith  th e
conventional ground system. We must note the status o f telephone 
connections in those years. There was practically nothing in the 
northeast region. The downrange islands were not connected and 
in the hilly terrains, forested areas, there was a serious problem 
o f  com m unication. Except in the urban areas, there was hardly 
anything that could be called communication in the country. This 
is the background in w hich the satellite system evaluation was 
done. T he user com m unity was brought in and an awareness o f  
the capability o f  the satellite system was created. This ultimately 
paved the way for first establishing a certain type o f  operational 
system.
W hile establishing the operational systems, w hich we today 
call the Indian Space Program m e, we had to translate all that 
experience, not only in terms o f  technology, but also, in terms o f 
the application potential and in terms o f  working with the users, 
which are very critical aspects. H ow  to absorb it within the societal 
system? This is w here 1 th ink  we should pay our tributes to 
Professor Satish Dhawan for the critical role he played in trying 
to institutionalize the capabilities by creating systems within the 
country. He introduced what is called the INSAT Coordination 
C o m m ittee  (IC C ) to  deal w ith  the com m unication  satellite 
program m e and the N ational N atural R esource M anagem ent 
System  (N N R M S ) to  deal w ith  the  natu ral resources. T he 
P la n n in g  C o m m iss io n  is re sp o n sib le  fo r th e  re so u rces  
management in the country and, therefore, under the aegis o f  the 
Planning Com mission, P ro f Dhawan created a body to address 
the question o f  timely inform ation about the natural resources 
and they became the focal point for the rem ote sensing system, 
that followed the LAND SA T experim ents. A nd ultimately, o f  
course, for Space Science, which is really more on the enrichm ent 
o f  know ledge, he created  an A dvisory C o m m ittee  on Space 
Sciences. T hese th ree  bodies w h ich  form ally  b ro u g h t in an 
institutionalization not only to create an awareness but a demand 
for Space systems. O nce this was established and a pattern was 
set, there was no question o f  searching for users o f  a satellite once
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it is put into orbit. We worked with the users. T he users specified 
their requirements which were translated into missions and then 
those missions are the ones that ultim ately became an integral 
com ponent o f  India’s Space Programme Planning. And, o f  course, 
th e  Space C o m m iss io n , w h ic h  is th e  to p m o s t body , was 
representative o f all these needs at the national level.
W hat has happened in the last forty years or so since the first 
rockets were fired fi"om the Thum ba Equatorial R ocket Launching 
S ta tion , a m odest effort in term s o f  scientific experim ents? 
Something like forty spacecrafts have been put into orbit by India. 
Twenty o f  these were through the launch vehicles that were 
launched from within the territory, both through PSLV and GSLV 
and earlier with the smaller vehicles, the SLV-3 and ASLV. And, o f 
course, you have a whole series o f  satellites that have been built 
with successive improvement in the capabilities and in tune with 
the increasing dem ands from the user com m unity. We have a 
system o f  com m unication satellites at geo-synchronous altitudes 
and rem o te  sensing  satellites w ith  vary ing  reso lu tio n s and 
capabilities, which were put into polar orbits In the process, we 
have also ensured that there is self-reliance in the programme so 
that we are not affected by the vicissitudes o f  geopolitical changes. 
Two o f  the launch vehicles were developed to  ensure that we 
have a sustainable activity in putting these classes o f satellites into 
orbit —  PSLV, which is compatible w ith the needs o f  putting into 
polar orbits the remote sensing satellites and the GSLV, which can 
put the com m unication satellites. W hat we today call the INSAT 
system is a multipurpose satellite system. T he capability towards 
putting these classes o f satellites was also developed. Today it is at 
the range o f  2,200 -  2,300 kilogram, and moving towards 4 tonne 
in the next three years. Until then, wherever you have a heavier 
satellite, we have to launch it w ith outside support, which could 
be only one or two now, because we are closing the gaps with 
respect to the capability in each for the com m unication satellite 
and the capability for launching similar satellites from our own 
launch pads with our ovra launch vehicles.
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CO M M UNICATIO N SATELLITES
W hat is important to note about the communication satellites? In 
this I dwell a little bit on the technologies we have developed. 
These are all three-axis stabilized, ability to look at the ground 
steadily from Space. These are located at 36,000 kilometre above 
the Earth and consistent with m odern trends, they have typicaUy 
lifetimes o f  between ten years and twelve years. The systems which 
are sufficiently qualified in term s o f  th e ir reliability and the 
components that are used have the necessary requirements. There 
are several dem anding technologies that are implicit in a life o f 
ten years to twelve years in these classes o f  satellites. They are 
currently operational and are controlled from the Master Control 
Facility located in Hassan, about three hours’ drive from Bangalore. 
A num ber o f  user agencies have set up their own ground stations, 
right from a large ground station to Very Small Aperture Terminals 
(VSAT). Today they all form the basic ground infrastructure that 
services the INSAT kind o f  satellite systems. Even though a typical 
satellite may cost $ 200 million ultimately for establishing it, when 
it comes to using its frill capability, you have to make three times 
as m uch in investment on the ground. So you can imagine the 
investment that has gone in ground station infrastructure in this 
country, thanks to the efforts o f  the user agencies, the Departm ent 
o f  Telcom m unication earlier, the Inform ation and Broadcasting 
and currently, o f  course, many private operators w ho use these 
systems.
As I said earlier, the first experim ent that was done, SITE, was 
primarily to make sure that we have an outreach from any point 
in  th e  c o u n try  to  any  o th e r  p o in t , a p o in t - to -p o in t  
c o m m u n ic a tio n , p o in t - to -m u lt ip o in t  c o m m u n ic a tio n  o r 
m ultipo in t-to -m ultipo in t com m unications and so on. But later 
on, it quickly transitioned also into the entertainm ent area, so 
you have television broadcasting today, which is substantially met 
by the INSAT system for television broadcasting, and TV  and 
radio networking. I should say that it has an outreach today, which 
is more than 90% o f  the population and it covers more than 65%
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iNSAT Applications
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o f the country’s geographical area. So that is the kind o f  outreach 
that the INSAT system has today.
Today, Doordarshan operates 25 o f  the channels, the national 
channels, the Regional channels, the M etro channels, etc. there 
are 65 private television channels, 210 All India R adio networking 
and so on. These ground systems have all been invested by the 
user agencies in using this system. You can see the level to which 
the INSAT system is currendy used in the area o f broadcasting.
T he second im portant area, is the m eteorological system. We 
have the Very High Resolution Radiom eter, which takes pictures 
o f  this part o f  the world. These imageries are available every half 
an hour and you can see the dynam ic m otions o f  the clouds. 
These data are obviously factored into meteorological predictions. 
We have a m eteoro logical system w hich  images b o th  in the 
thermal domain o f the electromagnetic spectrum as well as in the 
visible dom ain. T h e  therm al band helps look at the radiation 
characteristics o f  the outgoing and long wavelength radiation and 
so on. And then we have data collection platforms w hich can 
collect the environmental data o f  interest in different locations in
the country, uplink the same to the satellite and direct them  to a 
central point. We can access data from all over the country, data o f 
e n v iro n m e n ta l in te re s t, m e te o ro lo g ic a l in te re s t  like th e  
temperature, winds and so on. They are aU collected, transmitted 
and ultimately received at specified locations for use in modelling.
O n  the com m unication  side, the im portan t things are the 
speech circuits, the Very Small Aperture Terminal, etc. We see the 
importance o f  this in areas like telemedicine and tele-education. 
M ore recendy, there has been the in troduction  o f  the mobile 
satellite service, w hich will enable you to carry a suitcase-sized 
system with which you can connect through the satellite to different 
locations, particularly used for coastal surveillance and many other 
applications. And what is also significant is that many o f the areas 
o f work which we started with SITE and STEP, got fiirther fillip 
in terms o f developmental conm iunication, like those related to 
agricu ltu ral practices, environm ental preservation , w atershed 
developm ent and so on. But w hat is im portant is that T D C C , 
Training and Development Com m unication Channel, is also used 
for the training o f the rural folk' and ultimately we have the ability 
to dialogue with the rural folk w ith respect to the questions they 
may have and experts talk to them  from the urban areas. These 
are what are called interactive com m unication channels that have 
been established. Several states in the country are today using this 
concept in reaching their ow n people in their respective states 
like in Delhi, Gujarat, Karnataka, Orissa and M.P. They produce 
programmes o f  relevance to local development, which are beamed 
almost 20 to 25 days in a m onth . O ne  can see the extensive 
utilization o f  these kinds o f systems for training and developmental 
com m unications.
We can see the type o f  allocation o f  transponders in terms o f 
the frequency bands in w hich  they operate. Initially, we had 
extensive use o f  C -band  and extended C -band . But w ith  the 
new er requirem ents in various applications o f  com m unication 
and broadcasting, particularly in broadcasting, we have gone to 
higher frequencies w ith better bandw idth and therefore better
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signal-to-noise ratio. They are also easier to coordinate in terms 
o f  the orbital slots from w hich these satellites trnsm it. We also 
have the broadcasting channels and m obile satellite systems.
R ight from the inception o f  the INSAT, emphasis was laid on 
the use o f  satellite systems for education in the country. By the 
time you go from the primary, elementary education to secondary 
education, we have many dropouts. If we analyze the reasons we 
find that it is to  the ch ild ren ’s inability  to  p ick  up science, 
m athem atics and even a language like English. We have the 
problem  o f  inadequacy in im parting knowledge. T here is also 
the problem  o f  large num ber o f  teachers required and the need 
to upgrading their knowledge. Hence one has to find unique and 
innovative solutions. H ere are som e examples o f  the type o f  
innovations that we have tried to do. First o f  all, the sateUite system 
and suitable ground systems have to be built w hich will m eet 
these k ind  o f  requirem ents. Secondly, m ost o f  these systems 
operate not necessarily in the urban areas. So you need to have 
the ground systems simple, operable, reliable and the ability to 
give out the message that it is supposed to give with the simplest 
hum an interface. And, o f  course, the satellite itself has to cater to 
locale-specific, language-specific, culture-specific programmes and 
therefore what is apphcable in U P  cannot be applicable in Tamil 
Nadu. O ne has to deal w ith satellite systems which can specifically 
beam the locale specific programmes, no t necessarily interfering 
w ith each other. These issues were all factored in and finally we 
came out w ith  the interesting concept o f  a satelhte, w here we 
brought in the experience o f  more than ten years in space-based 
education to develop what we call EDUSAT, which has multiple 
beams.
Multiple beams essentially mean that you are able to cater to 
the regional news w ith  reference to  their specificity. T hen  you 
will also have a national beam where you can broadcast most o f 
the general programmes, both in Ku-band and extended C-band. 
We have to give continuity to the extended C -band  prim arily 
because, in the previous systems, this band was extensively used.







These are essentially high pow er beams. O ne can put ground 
systems w hich has less than half a m eter diam eter antenna, but 
you have a trem endous ability to transmit inform ation, transmit 
lessons and transm it messages. These can be used bo th  in the 
‘Receive O n ly ’ or interactive modes. In the former, you have 
virtual classrooms and you hear the speakers giving lectures fk)m 
urban areas or wherever you have good teachers and you are able 
to receive it at several locations in distant areas o f  the country in 
video. In the latter case, you can also have a video interaction; 
you can have a video-audio interactive; you can have a video­
video interactive; and you can have multim edia. T hey are used 
today for many purposes related to  education, enrichm ent and 
training. In fact, more recendy, as soon as the satellite was launched, 
a hundred colleges o f  the Viswesvaraiah Technical University were 
connected together and you had one single point, a classroom 
from  w hich  these lectures w ere delivered and th ere  was an 
interactive m ode in w hich the college students benefited out o f
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some o f  the best professors w ho could talk to them  through this 
virtual classroom concept. T he Rajiv Gandhi O pen University in 
Madhya Pradesh or Ambedkar University in Maharashtra are all 
coming into the picture and, o f  course, IG N O U  has been one o f 
the very im portant users o f  this kind o f  educational system. Today 
EDUSAT is fast catching up in terms o f its ability to serve as an 
innovative tool for cu rricu lum - based education, enrichm ent, 
training as well as development communication; but its capacity, I 
should say, is enorm ous. In fact, at one time we just com puted 
that the kind o f investment that we need to do justice to EDUSAT 
is not less than ten thousand crore rupees on the ground. This is 
being done in a phased manner. It is no t possible to overnight 
fulfill the objectives o f  the EDUSAT in its totahty because you 
need to still b ring  ou t a large segm ent o f  the ground system, 
including the relevant software, which could enable the EDUSAT’s 
potential to  be used in m any o f  these areas o f  education and 
training.
T«lem«dlcine
Present Education Scenario in India: (a) 1027 Million Population; 350 
million Illiterates, (b) 87 % Drop out by Std 12.
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TELEMEDICINE
N ext is the area o f telemedicine. Today, 75 pci c -n t o f  the best 
speciahsts are located in urban areas, about 23 per cent in the 
semi-urban areas and hardly two per cent in the- rural areas. It is 
quite obvious that you don’t have instantaneoa'. specialized advice 
in areas like cardiology w hen someone gets a heart attack. It was 
in this context that we started experimenting. We started this with 
respect to a location that had a geographical problem, the Andaman 
and Nicobar islands. We introduced for die first time connectivity 
o f the local hospital there with some o f  the specialized hospitals 
in C hennai like Apollo and R am achandra Hospitals. And the 
interesting aspect is that we virtually transport four people per 
week from Andaman and N icobar for specialized attention on 
the m ainland. At least tw o o f  them , we found, need no t have 
com e if  it was diagnosed properly at that place itself And it is 
here, that we can see an improvement in terms o f avoiding bringing 
patients unnecessarily here. You know, it costs the governm ent 
exchequer m ore than two lakhs for transporting a patient from 
the islands to the mainland. So one can see the economics, the 
issues o f urgency and the immediate attention that could be given 
even before a patient is transported, etc. Today we are able to
Telemedicine
Panel of Doctor*
p ro v id e  c o n su lta tio n  b ecau se  a sp ec ia lis t is able to  give 
instantaneous or near-instantaneous advice as to what to do w ith 
the patient.
Today, 186 hospitals in the country are connected out o f which 
152 are district and rural hospitals and 34 super-speciality hospitals. 
In Karnataka, most o f  the rural hospitals are today connected. We 
have a large num ber o f  specialized doctors spending at least 15 to 
20 per cen t o f  th e ir tim e. N arayana H rudayalya has its ow n 
telemedicine system, w hich is use to provide service to patients 
who are as far away as West Bengal and Assam. T he whole idea is 
to expand this to a large num ber o f  hospitals and thereby bring 
the health care systems w ithin the reach o f  the rural and remote 
area population.
EARTH R ESO URCES A N D  IMAGING SYSTEM
T he second system that we evaluated was the use o f  the imaging 
system, the US LANDSAT system to look at the earth resources. 
Timely, precise and accurate inform ation could be obtained and 
used in several applications. We built initially satellites w ith one 
k ilom etre spatial reso lu tion , w h ich  was ju s t an experim ental 
satellite. We improved it, built satellites w ith 360 m etre and 180 
metre, w hich could be used both  for land application and ocean 
application. We built systems w hich  could provide even better 
applications like agriculture. A nd then  we go in to  im proved 
systems for agriculture and land use, land use patterns and even 
urban sprawl. M ore recently we have gone in to  the m apping 
domain, the first time any country in the world has gone into the 
mapping domain. This is w hat is called a CARTOSAT-2 where 
you have a one-m etre resolution, w hich gives you probably some 
o f  the best imageries in terms o f  the details in respect o f  built-up 
structures. So w hat is interesting is that you have these satellites 
operating and India has the largest constellations o f rem ote sensing 
satellites anywhere in the w orld and the best in the totality o f  
capabilities. A nd th en  you have also the geo-sta tionary  o rb it
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satellites, w hich prim arily carry, as I said earlier, the Very H igh 
R e so lu tio n  R ad io m ete rs . T hese  are used for tak ing  optical 
im ageries and therm al im ageries o f  the cloud patterns, cloud 
movements and so on. These radiometers have typically four to 
five kilom eters resolution o r ten kilom eters resolution and the 
m ore recently introduced C harge-C oupled Device camera have 
one-kilom etre resolution. Particularly from the point o f  view o f 
meteorological applications, these are the ones that are used for 
land and ocean applications. T hese com plem ent o f  im ageries 
enables us the perm utation and com m utation to address several 
types o f applications that are pertinent in terms o f  their resource 
m anagem ent.
T he quick summary o f  the kind o f  applications that we have 
developed are very m uch connected w ith the user communities 
in the country  like D epartm ent o f  Agriculture, D epartm ent o f 
Environm ent, W ater R esources, D epartm ent o f  M ines, Disaster 
M anagem ent w hich is now  under the H om e Ministry. And we 
have L and  R e so u rc e s , W e a th e r System , D S T  and  In d ia  
Meteorological Departm ent, D epartm ent o f  O cean Development 
and  the  P lan n in g  C om m ission  w h ich  p erio d ica lly  asks for 
information on agro-climatic zoning and so on. These are aU user- 
oriented in terms o f  the type o f  applications to which these satellite 
imageries have been used. I will only give a few examples. In the 
case o f  a g r ic u ltu re , to d ay  w e have d ev e lo p e d  an e n tire  
m ethodology o f  providing inform ation related to three or four 
major crops. In fact, our ultimate goal is to go for fourteen major 
crops in the country w ith the ability to provide accurate prediction 
at least one m onth  before the harvest w ith  an accuracy o f  95% 
(and a precision o f  95%) as required by the Bureau o f Economics 
and Statistics. Just to give an example, for the last four to five years, 
we have been working w ith Orissa and some o f  the other state 
governments to look at rice cultivation and look at the predictions 
we can make. We have been able to provide predictions one m onth 
before the harvest and they  are well w ith in  the accuracy o f  
predictions they were looking for in the rice production. In fact
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they have often used that in trying to get an early warning o f the 
level to w hich rice is going to be produced. Similarly wheat is 
another area.
The importance o f  satellite systems comes in because primarily 
you are able to repetitively look at the same spot or the same 
region. And then you can look at the growth phenology and the 
le a f  p h en o lo g y . T h e  g ro w th  p h e n o lo g y  gives you m u ch  
information about the initial growth. For example, in the case o f 
wheat, you have an entire leaf phenology w hich gives you an 
indication o f the type o f productivity o f wheat that one can expect 
and then you look at the agricultural, meteorological information 
and the historical information with regard to the soil and so on. 
You factor them  and you have yield m odels that have been 
developed in using these inform ation. W ith all these, today, we 
are able to give predictions for two or three major crops and the 
hope is that one should be able to establish the fiill capability for 
fourteen m ajor crops using a satellite-based system. This is an 
im portant input we routinely provide today. In fact I should say 
that, last m onth , the D epartm ent o f  A griculture took  a m ajor 
decision to establish Forecasting Agricultural output using Space 
A gro-m eteorology and Land-based observations (FASAL). 
This is a major step in institutionalizing sateUite imagery in crop 
production estimates.
The importance o f forest and environmental m onitoring is so 
critical that it has been decided a few years back that, every two 
years, the state o f health o f the forest as seen by satellite imagery 
shall be placed before Parliament. So the authentic inform ation 
today is from space imagery and you have every year a kind o f 
inform ation, the level o f  closed forest, the level o f  open forest 
and even the ground density. This is an im portant area where the 
M inistry o f  Environm ent uses satellite imagery. They can track 
down forest fires, especially using the LANDSAT data. Biodiversity 
classification is another environmental assessment. In fact, today, 
for several court rulings including the DevanahalH airport the 
assessment as to w hether there is enough resources in terms o f
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water, whether the environment is good enough for an airport to 
come there with all the attendant international traffic, hotels and 
other things is sought.
We know that sixty-five million hectares in the country is what 
we today call ‘wasteland’. India has a very unique classification for 
wasteland -  about thirteen classifications. And these classifications 
are like the rocky areas, the hilly areas, the marshy areas, degraded 
forest, etc. If you are able to do a mapping, if  you are able to do 
the classification, then out o f  that classification we can identify 
w hich are culturable areas that can be retrieved and w hich are 
not. If these maps can be generated up to the district level, then 
you have an exceptional inform ation system w hich can also be 
updated with respect to retrieval and so on and also m onitoring 
the retrieval process.
W A S TE L A N D S (2 0 0 3 ) IN INDIA FR O M  S P A C E  
A R E A  W IS E
T he year 2000 maps show 64 miUion hectares. It has been 
reduced to 56; there has been reclamation that has been going on 
over the last six to seven years. They have also found out that 35 
million can be ultimately made suitable for cultivation so this has 
been separated out. This kind o f  maps can be produced every 
two years, and you can know  dynamically how the land is being 
reclaimed, how it is being changed, and how it is degrading because 
o f  excessive water, excessive fertilizers, pesticides, and so on. We 
have the problem o f  land degradation and we did see the lowest 
productivity in  terms o f  1.7 tons per hectare to 2 tons per hectare 
on many occasions in India compared to for example, what used 
to be grown in Punjab, something like 6 tons per hectare. So we 
have the questions o f  how  to reclaim the land, w hich area and 
w hat is to  be done? We have an inform ation system, w hich has 
the potential o f  providing some very crucial inputs.
T he dom inant advantage o f  space im agery is that we get a 
synoptic view from the space. W hen we have a synoptic view we 
are able to  see large geological structures. W h en  we see large 
geological structures like the faults, the lineam ents and so on, 
they provide an idea o f the underground water reservoir systems 
over the subterranean ducts through w hich the water flows. We 
can get this signature only if  we look at the synoptic view. And 
this can be obtained only from the satellites. O u t o f  this we can 
create hydrological inform ation from the surface features o f  the 
land. T hen  we can also create ‘a view’ that add to the geological 
in fo rm atio n , hydrological in fo rm atio n , and p u t th em  in to  a 
geographical inform ation system, GIS. O u t o f layers o f  information 
system which contains all these you can create a model o f  what is 
the probability for hitting water based on some a priori knowledge. 
And this kind o f  a m ethod o f  creating hydro-geom orphological 
maps using satellite imagery and collateral information has become 
a very significant aspect o f  input for ground water exploration 
today. These maps also becom e extrem ely useful in identifying 
the locations for recharging. Therefore we have a sustainability 
which can be introduced in terms o f  drawing the water and finding
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out the locations w here the recharging could be done and also 
from w hich exploitation could be done. This m ethodology has 
been applied by ISRO working closely w ith the M inistry ofW ater 
Resources and the State W ater R esources D epartm ent. A large 
num ber o f  states have completed this effort and you see the success 
rate in drilling bore wells. In Gujarat, for example, it is 100% in 
Madhya Pradesh, it is 90 % and in Andhra 93% success rate. O ne 
can see the potential o f  this m ethod and the economics o f no t 
having to drill two bore wells for getting success in one. It costs 
Rupees 25,000 or even R s 50,000 to drill a bore well. If you can 
avoid drilling 20,000 bore wells to get 10,000 bore wells, then 
you know w hat it means in terms o f economics.
T he next is an application related to  the potential fisheries 
zones. T h e  fishes norm ally agglom erate w hen  there is a little 
d iffe ren ce  in  te m p e ra tu re . T h e re  is also a p h y to p la n k to n  
distribution, which is the fodder for the fish. T he satellite imageries 
are able to look at them. You can get the temperature o f  the sea 
by using certain type o f  radiometers. You can also look at the sea 
using ocean colour monitors, which are spectrometers w ith ability 
to look at the chlorophyll content on the ocean surface. So this 
kind o f  imageries is used to  m onitor the ocean colour and the 
tem perature. By m aking a m ix o f  these tw o param eters and 
identifying virtually the locations in w hich the fishes can be found 
we have been able to generate maps that are typically valid for 
three to four days. These maps can be flashed to the jetties through 
All India Radio, etc. T he fishermen are now  quite adept in taking 
this inform ation. T hey  have reported  fish catches, w hich have 
increased by a factor o f  2 to sometimes as m uch as 7 or 8. This has 
been a very interesting application for w hich the D epartm ent o f 
Ocean Development now  uses the space imageries and routinely 
provides forecast to fishermen along the coastal regions.
DISASTER M ANAGEM ENT SYSTEM
For D isaster M anagem ent System w e use b o th  im aging  and
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com m unication capability o f  space systems. Between them , we 
bring in a synergy and thus create a host o f  applications, which 
are applicable to floods, drought, damage assessment, etc. It has 
its usefulness not only in the area o f preparedness but also in the 
area o f  disaster event. We can m onitor it, identify the locations for 
the reaching re lie f and prepare rehabilitation plan using these 
maps. We are able to get these inform ation from space imagery 
im m ediately after a disaster. We can have reconstruction  and 
m onitoring and we can also take up mitigation plans. There are 
areas like water run-ofF characteristics, which can be studied from 
the imagery and plan to build bunds and so on. There are many 
levels o f  disaster m anagem ent and m itigation in w hich  space 
com m unication as well as space imaging systems play a critical 
role. D rought maps are also produced and provided to  various 
states w ith  regard to w hat is likely to be that year’s conditions 
with regard to the crop yield.
We can see the details o f what are the potential hazard zones in 
w hich instability could be there and proneness for earthquake, 
landslides, etc. O ne can look into all these and make an assessment, 
which can be used both for rehabilitation as well as for mitigation. 
Particularly, one has to avoid built-up structures in the fault zones. 
These are the kind o f inputs that could be obtained from Space 
imagery.
In  th e  c o n te x t  o f  tsu n am i, space based  em erg en cy  
communication and telemedicine facility in Andaman and Nicobar 
were used because all the other modes o f communication systems 
broke down. We could also have the assessment o f the extent o f 
dam age. H ig h -re s o lu tio n  ae ria l p h o to g ra p h y  was used  to  
com plem ent or supplem ent space im ageries. Finally we could 
also make a certain level o f  detailed damage assessment, w hich as 
I said earlier, could be used for rehabilitation and reconstruction.
All these — w atershed  m anagem ent, panchayat p lanning, 
drinking water availability, weather inputs, etc, can ultimately be 
translated into user-specific inform ation, w hich are needed in 
the rural areas. O ne could get these inform ation from different
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agencies, synergise them  and reach it to  the different villages 
depending on their specific needs via satellite. T he farmers could 
even interact w ith expert knowledge centres outside the villages 
and seek advice like those related to movement o f  fertilizers, cost 
o f  fertilizers, available sources, livestock m anagement and so on. 
They can optimize their efforts. They can have input on weather 
services, know  about governm ent schemes for societal benefits, 
etc. For example, w hen an order is issued by the governm ent 
related to some welfare measure, the beneficiary even in a far-off 
location, can know  about the same and inform  others.
IMPACT OF SPACE APPLICATIONS
W here is our space programme leading to? I can quote about the 
most recent satellites launched, the high pow er satellite, w hich 
will bring in television D irect-to-H om e and countryw ide access 
to classrooms. T he use o f  ED USAT and similar systems w hich 
will be established in the future, depending on the experience o f 
this first satellite, w ould  be an im portan t aspect o f  the space 
p rogram m e in  term s o f  ed u catio n  and train ing , m ultim edia 
applications, the ability to reach several types o f  messages and 
inform ation, fax, telex messages, education, e-knowledge and so 
on, to evolve a knowledge-based society. Telemedicine is another 
im portant area. Special planning o f  land and w ater resources is 
very important. Just like we a population census, we could take a 
five-year census o f  the land and water resources. In the current 
pace o f  development, one should see very drastic changes in the 
land use pattern. Obviously there is a need to update the land use 
pattern for optimal management and also manage water resources. 
Here is where the importance o f a satellite-based imaging system 
comes into the picture.
Disaster W arning needs to be operationalised in several areas. 
We are now closely working w ith the H om e Ministry and other 
agencies and also we have a Decision Support Centre established 
at National R em ote Sensing Agency, Hyderabad. Village Resource
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Centre -  a very innovative idea on w hich ISRO  is experimenting 
now, will becom e an im portan t com ponen t for a know ledge- 
based society as one could reach critical inform ation to the villages 
depending on their needs in the context o f their own endeavours. 
A nd ultim ately we have to  have an im proved w eather service 
although ISRO  is not a panacea for problems o f  prediction.
O n  the  w hole, w hat I w ould  like to  say is that the space 
program me is an example o f  a conscious effort to  bring in the 
users, try to  w ork w ith them , make them  understand the utility o f 
the system by demonstration, experiments, and ultimately create, 
along w ith them, an operational system and make them  place a 
demand on the organisation w ith respect to futuristic system. This 
has been, by and large, successful in many o f  the applications that 
you see today. I should remem ber my predecessors w ho worked 
for this and created such a concept which, I think, is extremely 
im portant in the context o f what we are discussing in this seminar, 
that is, how  do we use science and technology to bring benefits 
to society and how  do we institutionalise some o f  these ideas. So, 
here is an example and an experience, which, I am sure, would 
be good to  look  at, study, and see w h e th e r it could  be even 
adopted in  similar circumstances.
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Science, Technology and Environment
S U K U M A R  D E V O T T A
Dr Sukumar Devotta: Thank you, Professor Gadagkar. I would like 
to  thank the organizers for giving me this opportunity to talk on 
one o f my favourite topics. I just used the topic o f  the seminar, 
bu t added environm ent because all three are intertw ined.
If  you want to produce something, you have to have industry. 
You have to use resources and then you have to discharge some 
un u sed  resources in to  th e  en v iro n m en t, and  th e re  is som e 
degradation o f  the environment. M ost o f  the industries think that 
if  I want to spend something for the environment, then there is 
no  re tu rn  on  m y investm ent. M y investm ent is to  p roduce 
products and make m oney ou t o f  it. B ut i f  I have to pu t some 
additional investment on the environment, then there is no return 
on investment, because the re turn  on the investm ent comes to 
the society and I do not get m uch for i t .  So if  I can avoid it, I save 
some m oney for the company.
And we are in the age o f  consumerism. So we are overspending 
on anything that we do -  throwaways and things like that -  and 
therefore the com m on m an is confused. H ow  do you solve this 
problem ?
I must say that w hen the industry in India started, we were 
w o rr ie d  ab o u t th e  p ro d u c tio n . W e w an ted  to  have im p o rt 
substitutes, we wanted to have indigenous production; therefore 
a lot o f  emphasis was on the technology, but there was very litde 
emphasis on environm ental protection. We kept on producing, 
starting from aspirin and many pharmaceuticals, agro-chemicals 
and polymers. So now we have technologies, bu t we forgot that
w hen these industries were increasing, we were degrading the 
environm ent to quite a significant extent. And we are still using 
some o f  these old technologies and now our problem is: how do 
we retrofit these industries and solve the problem o f  environment?
Although I will be talking about air, water and land, flora and 
fauna, one o f  the neglected areas, and only now you will find that 
it is being  p ro jec ted  as one o f  the m ajor eco -co n cern s  and 
therefore, in all the EIAs, the bio-diversity is being looked at. But 
still, if you give the opportunity, then everybody will say that well, 
if  you want industry, you have to cut some trees and forests or 
encroach into biodiversity areas. Still, it is not an area where people 
give a lot o f  consideration while going for development.
We have harm ed nature because all our technologies in the 
recent past have been resource-intensive. C ould  they n o t look 
into alternative resources? We w ent in for rapid industrialization; 
so we are in a m uch better and happy situation in terms o f GDP 
grow th. But, as I said, we have harm ed nature because o f  the 
rapid industrialization w ithout considering envirormient as a major 
com ponent.
We are into major use o f synthetic materials, which means that 
production and use o f  these materials pollute the environment. 
Plastic is a classic example. If  you take any city, you have a lot o f 
problem  w ith respect to unplanned urbanization, and therefore 
the envirorunent is also degraded. I will talk about that later.
So as a society, it is our duty to safeguard the environment. As I 
said, if  you want to make a product, you need some raw materials 
as well as support systems Uke water -  one o f  them. Then, if  this 
raw material is no t converted into a product, it has to get into 
some other stream. It will be either in the form  o f  a gaseous or a 
liquid o r solid. And you need to  use energy and some o f  this 
energy is wasted. You could be using energy to heat air -  then it 
goes as hot air. This means you have used energy, but you have 
not used it fiilly. So if  it is not a product, it is a waste. O ne o f  our 
p r im a ry  aim s sh o u ld  be h o w  to  avo id  w aste. So w aste - 
m in im iza tio n  shou ld  be the  basic d ic tum  o f  env ironm ental 
protection.
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Just to give a kind o f thought to this topic, in society, science 
gives a lead to technology, because there is no technology w ithout 
science. And technology leads to protecting the environment, or 
degrading the environment. Invariably, if  you put up any industry, 
it is bound to have some impact on the environment.
As per the law today, w hen you are going to start an industry, 
the proponent has to have what is known as an EIA (Environmental 
Impact Assessment) w here all the aspects o f  environm ent -  air, 
water, land, social and biodiversity -  have to be looked into and 
the proponent has to say that he will safeguard these aspects and 
will make an environmental m anagem ent plan, or what we call 
the EMP. H e undertakes the com m itm ent that he will do a-b-c. 
Only then the clearance is given, the problem is, it is very rarely 
m onitored between what he promised and what he is doing. And 
that is where the environmental degradation starts.
Therefore, technology leads to environmental degradation, but 
it also gives you certain technologies to protect the environment. 
That is also there. For example, ESP (electro-static precipitator) is 
also a technology. We are n o t able to  retrofit ESP in to  power 
stations, because this system is big and you cannot fit it to an 
existing one — an old power station. But in a new  power station, 
you can get very good technologies where very little particulate 
m atter escapes from the power plants. So you have technologies 
to do that, but you have no technology to retrofit to existing old 
units. So technology leads to  environm ental protection, and it 
can also fail to lead to environmental protection.
Science also has a lo t o f  developm enta l know ledge base 
generated for protecting the environment, but many times, we do 
not convert science into technology for enviroimient. M ost o f  the 
time, science-to-technology conversion is for the production o f 
products rather than for the protection o f  the environment. And 
in  In d ia , w e have v ery  litt le  in v es tm en t o n  tech n o lo g ica l 
innovations for protecting the environment.
If  you have a factory, it has a lot o f  emissions -  as I said, gaseous, 
liquid or solid -  and they have many effects, particulate, SOx and 
N O x. But most o f  the time, a project is evaluated on how much
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product it can make and what cash it can fetch. We don’t cost the 
environmental protection as a part o f  the project evaluation. Even 
today, it is so. Only because the M inistry o f  Environm ent wants to 
see what you will do, you may show some calculations. B ut actually, 
you will say, let m e start the plant and I will put it later.
For instance, I can give you an example. We w ent and saw -  
inspected -  one industry w hich has been w orking for 45 years 
w ithou t the rudim entary  effluent treatm ent plant. A nd he was 
discharging water at 55° Celsius and 1.5 pH , along v^th  a lot o f  
particulates, into the sea. A nd he said, “N oth ing  has happened. 
We have b een  d o in g  it fo r nearly  40 years” . It is a public 
undertaking. W hat happened is that originally, they had agreed 
that they w ould do it, bu t they never did.
It is an irony. And you can see that in many places. There is a 
pristine environm ent in Maharashtra. T here is a case going on. 
T he industry was asked to go for desulphurisation. T hey  said 
okay, bu t desulphurisation is an expensive unit; so we will first 
start the power plant and then do it. It is Ten years since they have 
been operating, and still that desulphurisation has not happened. 
A court case is going on, N G O s are fighting and we are also saying 
that it should be done. But they are saying, it is not economical -  
and we are using low  sulphur now, therefore there is no need. 
O ne can have hundreds o f  arguments. T he industry tries to get 
away saying that we cannot afford because it is costly. If  you had 
internalized the cost at the beginning itself, then you would have 
realized that the economics is not that attractive, so I need to re­
work on this total package.
And you have exposures. O ne o f  the other costs to the society 
is the diseases caused because o f  these exposures. N obody pays 
for it. O nly society pays for it. If you take a power plant in Delhi, 
it is in the heart o f  the city and could be spewing out a lot o f  SOx 
and particulates, and particulates are a m ajor source o f diseases. 
You know, they say that in Bombay, majority o f  the cases o f  asthma 
are caused by particulates from  transport. Particulates go righ t 
into the lungs -  PM -2.5. We are only m onitoring PM -10. W ho
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pays for these disease burdens? Society pays. A nd the industry 
does no t account that into its calculations. O ne only looks at the 
economical efficiency. O ne calls it economic efficiency -  between 
what I make and what I sell and what I invest — but we do not 
look  at ecological efficiency -  how  m uch product I use, how 
m uch o f  the resources I use, do I use it completely and have I 
internalized all the externahties?
So i f  you take today’s environm ental situation, while we do 
quite a lot o f things, I just want to say that currendy, most o f  the 
Indian environm ental protection regulations are due to judicial 
interventions. We have hundreds o f  laws. We have regulators. But 
they have failed to protect the environment. Ultimately, PILs have 
been the m ajor cause o f  environm ental protection. I f  you take 
most o f  the regulations today, they have come out o f  only a few 
people w ho have fought against the regulators and introduced 
m any  m a jo r law s. I f  y ou  take th e  M u n ic ip a l S o lid  W aste 
M anagement Rules, 2000, it is because o f  one PIL. But still the 
rules are no t im plemented. Let m e say that. But the M unicipal 
Solid Waste M anagem ent Rules, 2000 came into being because 
o f  one PIL.
Likewise, the Hazardous Waste M anagem ent R ules in 2003 
was m odified because o f  one PIL. B ut all states are n o t fully 
complying -  let m e come to that later. So what I am saying is that 
judicial activism has led to  a lot o f  rules and regulations, bu t we 
still do not have the wherewithal to im plement them. And then, 
we have too  many regulations and too many regulators, and they 
have been very counter-productive. Therefore, I w ould say that 
we are in a kind o f mess w ith respect to rules.
If  you take a factory making a chemical, a Factories Inspector 
w ill talk abou t ho w  to store those chem icals o r how  m uch 
inventory you can have and all those regulations. T he C PC B  -  
the pollution control boards -  will say w hat you can em it and 
w hat you should no t emit. A nd then industries will talk about 
how  m uch product we can produce. T here are too many rules 
and regulations -  and regulators -  and the industry wants to
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produce in spite o f  that and they want to make money, because 
ultimately, the bottom  line is making money. Therefore, they try 
to avoid all these people coming to their factory. They would be 
happy if  they didn’t come. And the policy makers do not look at 
w hether w hat we are doing is sustainable and does the region 
have the carrying capacity for this dem and on the environm ent 
for the resources. We still do not have region-based regulations. I 
do n o t w an t to  define this, b u t you k n o w  tha t sustainable 
development is now coming in a big way even into most o f  our 
policies. But if  you take the last 50 years, we have not considered 
this aspect at all in industrial development.
The 1992 R io  Convention talked about prevention, precaution, 
com m on but differentiated responsibility, openness and polluters 
pays principle. Some o f  these things have happened in global 
policies, but not w ithin India, for instance. We still do not have 
the pollu ter pays principle, whereas in M ontreal Protocol and 
clim ate change, w e have the  p o llu te r pays p rincip le . In the  
M ontreal Protocol, the developed countries paid the developing 
countries to phase out ozone-depleting substances. In the Kyoto 
Protocol, the developed countries are not paying, but still footing 
th e  b ill to  red u ce  th e  g reen h o u se  gas em issions from  the 
developing countries.
So these regulations are there, bu t they are not there w ithin 
India -  w ithin our country. And openness is one thing that global 
protocols demand. Every country in the global protocols has to 
say how  m uch ozone-depleting  substances they are using and 
how m uch greenhouse gases they are emitting. They have to say 
this if  they w ant to be a party to the protocol, whereas in India, 
within our country, we do not have this openness. Only now the 
rules are coming into play that we have to put outside our premises 
that this is what we are handling today — so m uch o f benzene, so 
m uch o f  chlorine. Particularly if  they are hazardous chemicals, 
you have to put it outside your factory premises that these are the 
hazardous chemicals we are handling. It is as per the rule.
Therefore, the transparency was lacking. You could get away
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w ith using all the hazardous chemicals, like in Bhopal, w ithout 
the public know ing about it. Thus the society was at risk. And 
w hen we do risk assessment, we always say that it needs to be 
done not only for the site, but also ofF-site, because society should 
not be put to risk.
The liability clause is also very poor. T he Public Liability Act 
came into being, bu t still m any o f  the industries do no t have 
insurance for public liability. It was only after Bhopal that this 
Pubhc Liability Act came into being.
P eo p le  sh o u ld  be lo o k in g  at in d ic a to rs  fo r susta inab le  
development. This is something, which has been com ing -  World 
R esearch Institute has developed certain param eters and I am 
just looking at environment. If you look at environment, some o f 
these things will come into economic as well as social. So these 
social indicators are supposed to be developed for each country 
and you must look at where we are. In fact we are seeing that now 
each state is declaring or w riting down the environmental status 
o f the state. For instance, I was involved in the environment status 
report o f  Maharashtra. By 2006, they had to prepare a report and 
submit it to the Governm ent o f  India. And we are saying now that 
each state should be having its ow n indicators for sustainable 
development to see where we are.
T he other is the M illennium Development Goal, which many 
o f  th e  speakers m e n tio n e d . A lth o u g h  th e  M ille n n iu m  
Development Goal talks about health, water, education, etc., the 
Millennium Development Goal # 7  talks only about environment
-  ensure environmental sustainability. And we are into 2006, but 
we have still no t absorbed the M illennium  D evelopm ent Goal 
into our policies that well. If  you look at all our policies, they still 
do no t address these issues. 2015 is the com m itm ent period. All 
M illennium  Developm ent Goals are to be achieved by 2015. If 
you take environm ent, we have not em bedded the M illennium  
Developm ent Goal in our environm ent policies.
M D G -7  talks abou t environm ent sustainability. I am m ore 
interested in targets 9 and 7. It says, ‘integrate the principles o f
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sustainable development into country policies and programs and 
reverse the loss o f environment resources’. I f  you look at this land 
cover, it is still a major problem. I am from theVidarbha region -  
Nagpur is located in the Vidarbha region -  and Vidarbha has one 
o f  the h ighest forest cover. It is abou t 70%. B u t if  you take 
Maharashtra, it is about 28%. M ajor resources, including coal and 
minerals are in this region. They are saying we need development 
in this region. But if  you have to have development and extract 
these minerals, you have to go into the deep forest cover; and we 
have 80% forest cover. Only 30% is required as per the goal, so 
why don’t we go for mineral extraction? B ut if  you take Vidarbha 
as a part o f Maharashtra, then it will go down in the 30% minimum. 
So people look at things very locally w ithout considering some 
o f these issues. And there is a political pressure to de-regulate the 
Vidarbha region, so that they can have deforestation.
These are the ways by w hich we try to tamper w ith some o f 
the targets we ourselves set. T he M illennium Development Goal 
talks about forest cover. And we just suddenly divide the same 
state into two regions and say that one region has got 80%, the 
state has got less than 30%, but still we will have deforestation just 
for the sake o f development.
Likewise, let us take energy. We have never considered energy 
as a m ajor issue and the M illennium  D evelopm ent Goal talks 
about energy use as a kilogram o f  oil equivalent and see what 
emissions occur. I will talk about it a litde later.
T he Yale Centre for Environment Law and Policy has published 
a report in 2005 and they have used certain sustainable indicators 
for the Governm ent o f  India and are saying that they have ranked 
India 101“ am ong 150 countries they analyzed. They have given a 
very poor score for environmental systems in India — only 23%. 
In the other areas, we are reasonably above 50%; therefore, if  you 
see that, we have a very low environmental systems score. And we 
are ranked below some o f  the other countries; w hat it means is 
that we have the capability to do things, but we are not doing it. 
And our environm ent is degrading.
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But there are some things happening locally. 1 Jways flag this
-  C orporate Responsibility for Environm ental T'rotection. This 
is a vo lun tary  ag reem ent betw een  Ind ian  inaustries  and the 
regulators. It is not a law; it is not a legal binding. It is a voluntary 
agreem ent. W e call it C R E P  (C o rp o ra te  R esp o n sib ility  for 
Environm ental Protection).
Seventeen o f  the most polluting industries have been identified 
and they are demanding quite a lot o f resources for their survival. 
For instance, like chlor-alkali, cement, pulp and paper, leather -  
all these industries have been given their ow n performance targets. 
In  te rm s  o f  a ir p o llu tio n , w a te r c o n s u m p tio n , m a te r ia l 
consum ption, they have been given their ow n benchmarks and 
asked to achieve these targets by 2006? If  you take petrochemical 
complexes all over India -  they have agreed to put certain norms 
and they said okay, we wiU try to achieve this. And, in fact, we are 
now using these norm s almost like regulatory norms, although it 
is only a voluntary agreement. A lot o f things are happening in 
that way.
But stiU, I would say that it is not something, w hich will take 
you to the world level. Some sectors have done well. C em ent is 
supposed to be one o f  the best in India -  in the world. They have 
done well. B ut still, on particulates, they are no t that good. In 
terms o f  energy efficiency, however, they can m atch any cement 
plant in the world.
So there are good things happening, but we still have a long 
way to go in all the sectors. O ne o f  the major problems is that we 
still have small and m edium  enterprises in the areas where there 
should have been only large scale. For instance, we still have many 
small scale cement industries. They cannot achieve the same level 
o f  efficiency as o f  the large scale cem ent plants. So you have a 
problem  o f  inequity.
Currendy, the industry is going through a major change. They 
started production 20 years ago or 30 years ago. Technologies were 
not that m odern. And now, suddenly, all norm s are being updated. 
T he pollution control norm s that are com ing today apply to the
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same industry. Therefore, they are in a kind o f  a fix. H ow  do they 
m eet em erging norm s w hich were no t there w hen the factory 
was started 20 years ago? H ow  do they do that? It is a big challenge. 
Also, now that we are an open global economy, they have to meet, 
in term s o f  price, m atching the best in the world. W hen  they 
started , it was n o t there. T hey  w ere p ro tec ted . All chem ical 
industries were totally pro tected . A nd today, they have to  be 
competitive. I am a chemical engineer, therefore, I often use the 
chemical industry as an example.
N orm s in India are very stringent — as good as some o f the 
European and US regulations. Some o f them  — if you take dioxins 
and furans, we are putting 0.1 ng per Nm^, just like EU. Sometimes 
I find that technology m atu rity  is low er than the regulatory 
requirem ents, because we still do n o t have the technology to 
control or even to m onitor, but we have put these norm s into 
place. I will be talking about it.
Achieving productivity — if  you w ant to be com petitive on 
cost, your productivity has to be matching the best in the world. 
C om ing to the responsive care — it involves a classical case o f 
plastics, an external product. Now, Maharashtra has introduced, 
in 2006, a regulation -  an ordinance saying that even plastic littering 
is an offence. And we are now going to the extent o f  saying that if 
som ebody  is selling a p ro d u c t, it has an ex ten d ed  p ro d u c t 
responsibility; that he has to take care for the entire life o f  the 
product. For instance, PET bottles. T he m anufacturers have to 
collect and dispose them  at their cost; otherw ise they will be 
fined.
So this extended product responsibility becomes a big issue 
for the old plants, where they did not consider these things and 
they just came into the market and started making money. N ow  
suddenly, they find that their liability goes beyond selling. So it is 
going to be a very tricky thing.
We just did a study for an Oil industry. They are trying to sell 
kerosene in plastic pouches. T he ministry said we have too many 
pouches and everybody is trying to ban plastics. But they said that
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kerosene pouches would make sense even for rural India because 
they do not get kerosene. And if  it is given in one-Utre pouches, 
they can be sold at a very convenient price w ithout having any 
problem  o f  distribution and the like. And they can store it. So 
there is a lot o f  marketing pressure to sell these pouches. But the 
issue is: do we need one more item  to be sold in plastic, which is 
going to pollute the environment. A lot o f  people feel that the 
Bombay deluge happened because plastics. T he plastic pouches 
might contain some traces o f kerosene even after use. So we did a 
lo t o f  studies, and then  we had recom m ended that unless you 
want to take it as a policy issue, the extended product responsibility 
should be tried for this material as a test case. Tell the producer 
that they should be responsible for the pouch  collection  and 
disposal. So the producer is saying we will collect all these things. 
They will introduce this scheme in one state; they wiU take one 
city and state as a model and will try to collect these plastic bags 
and destroy them  by incineration, and produce power.
You can produce power out o f  these plastics because they have 
a fairly high calorific value. If  you go to Chemplast, which makes 
PVC, there the un-reacted m onom er is burnt and they produce 
power out o f it. So in one way they get rid o f the very toxic vinyl 
chloride oligomers^ but they also produce power out o f  it. So you 
have dual achievements -  you get rid o f  the pollution as well as 
get some energy out o f  it. So the same will tried in the case o f  oil 
pouches. But everybody cannot manage that kind o f situation. So 
it is an emerging problem for old chemical industries.
Zero discharge — water should no t be discharged. You should 
be recycling water. It is a major problem. N o t only do they put 
UF (ultra filtration) and RO, but then you must make sure that 
you treat this w ith o u t... there is no coliform so that you can either 
give it to certain nearby places... this becomes a big issue. So we 
are doing a study on the reuse o f  water on land. M ost o f  the time, 
the reuse o f  water on land is construed -  the industry thinks -  
that as long as they pu t their discharge o f  w ater w ith in  their 
premises, they are okay. B ut it is wrong. If  they are discharging
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n o t com pletely  treated  w ater, they  are p u ttin g  som e o f  this 
unw anted contam ination back into the environm ent -  mainly 
total dissolved solids. That means the water is going to becom e 
harder in times to come. T he soil also will become saline and will 
lose its productivity. Therefore, we are saying that there should be 
some standard for the land disposal o f effluents.
T h e  C P C B  is saying, industry  should try  to  achieve zero 
discharge. It is a very major challenge. T irupur is a classic example. 
T irupur, if  you know, has a textile industry and they have been 
told that they must have a zero discharge because it is located, 
unfortunately, in Tam ilnadu, w here w ater is really scarce and 
polluted and one o f  the states in India where water is most scarce 
and expensive.
And the second is EHS practices. N ow  people are going for 
the ISO, OSHA, N IO SH  certifications. W hile a lot o f  industries 
are doing this, still everybody is not able to manage that. And if  
you want to be in the international market, sometimes these are 
all marketing strategy -  if  you don’t have it, you may not be able 
do business in a global economy.
I will just give you an example. I did a project for an American 
M N C  while I was at NCL. They were buying the product fi-om 
an international vendor for about $13 a pound. Being an American 
company, so they called it in pounds, and I still quote it in pounds. 
And they came to us asking w hether we would be able to make 
this product at nine dollars a pound. We said may be yes, and we 
w orked  on  it, and w e go t th a t p ro d u c t, alm ost w ith  a new  
technology, at nine dollars a pound. And then they said we need 
a local vendor w ho can make it for us. So we identified a local 
vendor -  one o f  the best in Maharashtra -  and transferred the 
technology to him. T hen the M N C  came and saw the factory and 
how they would do it. But w hen they w ent and saw there, they 
said they could not do business w ith the Indian company; because 
his EHS (environment health safety) records are no t that good. 
And although it is attractive for us -  from $13 to $9 -  vwth his 
EHS, we do no t want to  do business. I f  he has to  do business w ith 
us, he has to have better EHS, w hich will be inspected by our
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group. It took eight months more for us to work on that company 
to improve its EHS. B ut for the last four years, they have been 
doing it, and the business is totally export-oriented. It is one o f 
the best products N C L  has produced.
So some o f  them  can manage it, some o f  them  simply cannot 
manage it, because they have been doing it for the last 30 years. As 
a chemical engineer, I will talk about reactor, cooling, etc. But if 
you go to some industrial estates, they will be using a drum  as a 
reactor and the cooling is done by throwing water onto the drum. 
That is the cooling method. There is no control on it. Still, they 
make a good product, w hich can m atch some o f  the best in the 
world. Because the product does no t know  how  it is cooled as 
long as it is purified later. T hey will pollute m ore because they 
have to produce and purify it, but the production is still the same. 
So you will find that this is no t an easy for small and m edium  
enterprises.
There is also this judicial over-activism. 1 would say all industries 
today are faced w ith this judicial activism. Sometimes, we do not 
want activity. I put N IM BY  (N ot In M y Back Yard). I will teU you
— there is this one company, which is fighting a case in Tamilnadu, 
in court. As per the rules, each state is supposed to have its ovm 
disposal facility for hazardous waste. But they go to court and say 
that this is not the right location. You cannot have it.
Many o f  the states still do no t have this facility and these include 
Karnataka and Kerala in the south. This is because most o f  the 
time, som ebody will go to  court. O nly  yesterday, I read in the 
newspapers that in Karnataka, the State M inister for Environment 
has announced that a location — on w hich they spent a lot o f  
m oney to identify and prepare — has now  been shifted because o f 
some sensitivity o f  some temples located there. And he is now  
saying we wdll give a hundred acres in some other area. W ho vdll 
foot the biU for again going through the entire rigmarole o f  EIA 
and everything for this? That is because o f  over-activism. And we 
yield to certain pressures. This, I find, is a big problem  to m eet 
environm ental regulations.
If  you take the in ternational agenda, you find that a lot o f
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interesting things are happening -  renewable energy, hydrogen 
economy, material economy, green engineering, green chemistry, 
doing away w ith  subsidies and a lot o f  policies geared towards 
the environment. We are also doing a few things, but we still have 
a long way to go.
There is a report prepared by the U N , and it says that we have 
a very severe impact o f  . pollution in the next couple o f  decades. 
Unless we act very fast and take a lot o f  initiatives, this is not going 
to improve. And you will find a red flag for India.
So let me come to water. The U N  report says that India will be 
one o f the worst affected in the next 25 years, in terms o f  water 
scarcity. It is the physical scarcity because we draw too m uch o f 
ground water. I’ll just tell you how  m uch we draw. Yesterday D r 
Goverdhan M ehta also m entioned that w e over-extract from the 
planet earth. India drawing w ater for agricultural use alone is 
80%, whereas it contributes just about 20% to the Indian economy. 
So where is the equity? We put conditions on industry to have 
zero discharge and zero extraction and to find their own water 
sources through desalination, whereas for these, there is no control 
at all. Anybody can extract water; they get firee electricity and they 
use the w ater as they  please, and there is no  equity  -  they 
contribute m uch less. So I think we need certain equitable policy 
decisions on ground w ater extraction betw een agriculture and 
non-agriculture uses.
Because o f the past sins, most o f the waters are polluted — most 
o f  the rivers are polluted. CPC B  has come out with a report. It 
says — it is a very interesting thing — industrial zones are in water- 
stress regions. If  you take Tamilnadu, you will find that the Ranipet 
industrial estate continues to  operate, although their w ater is 
com pletely contam inated and you have — a saying about this 
reg ion- a river w ithout water -  because there has been no water 
in that river for the last 25 years. But that is where the industrial 
estate is. We continue to operate in such industrial zones.
The small and micro enterprises are only discharging 5%, and 
large industries are discharging 95% o f  the wastewater, polluting
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the water bodies. And most o f the surface water bodies are polluted; 
the dark rivers are polluted water bodies near Kanpur, nearVapi, 
near R anipet — Cauvery water in Erode etc. And ground water 
pollution and depletion are due to industrial activity. W hat I say 
is that today we put a lot o f pressure on industries to find their 
own water and making the water reusable.
T he reason is that we do no t value water. We give water to 
everybody at one price. As long as you are a domestic user, you 
hardly pay anything, whereas industrial users pay something. But 
stiU, it is the same across the state. It does not m atter where he is 
located and what he is using it for — whether it is a water-intensive 
industry or that he is no t a major user. If  you lake pulp and paper, 
it is a very water-intensive industry. Sugar is also a water-intensive 
industry. So we must have certain policies as to where to put sugar 
and where to put pulp and paper plants. We do not seem to have 
that clear poHcy. We need  to  have a differential dom estic and 
industrial w ater tariff and we have to  cost water. If  you take a 
European country and India, you will find that we cost water the 
cheapest in the world. That is why we have the problem o f  water 
scarcity. I was told that our costing o f  water is one o f the lowest in 
the world. So we do not value water to its real economic value.
Water loss is one o f  the issues. We were told was that during 
distribution itself, like the T& D  losses in electricity distribution, 
here too, the T& D  losses are very high in India and nobody 
monitors it. We only m onitor how  m uch water we are treating, 
but we do not m onitor how m uch water we ultimately send to 
the user point. So there is a tremendous loss in transmission and 
distribution because o f  the leakages.
And we still do not have any policy for rain water harvesting 
and artificial recharge. We only talk about buildings, but then we 
should be talking about industries and municipalities to take these 
responsibiUties for artificial recharge and rain water harvesting.
We still do not use water auditors; one o f the mandatory things. 
We talk about environm ent audit. W ater audit is a very small 
com ponent; we do not look at it as a major com ponent. And we
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do no t benchmark specific water consumption. T he M illennium  
D evelopm ent Goal talks about benchm arking and says can you 
do this; C R E P  also talks about it. B ut still, if  you ask w hat the 
water consum ption in your factory is, they will only say that firam 
last year we have done this and that. And if  you ask him  what is 
your neighbour’s or com petitor’s value, he may not know. So we 
do n o t b en ch m ark  w ate r co n su m p tio n . A nd  som e o f  these 
industries are very water-intensive; so this is w here we can save 
quite a lot.
We are not following cascaded water use. We may use water, 
and the same water can be used for some other purpose, but we 
always do a one-tim e use. We use it, and then it goes as a discharge, 
whereas the international trend now is to see if  it can be used in 
a cascaded way. If  water is used for one application and it is still 
good enough for another appUcation w ithin the premises, then 
we do it for a third and only then it becomes unusable and goes 
to the treatment plant so that we can reuse it. We should be looking 
at cascaded water use.
There should be location-specific norms. We have one norm  
all across India -  it does no t m atter w hether it is Karnataka or 
Tamilnadu or UP, we have only one norm . And sometimes, the 
State Pollution C ontrol Boards m ight use stricter norms, bu t this 
happens very rarely. They adopt whatever CPC B  says. So we are 
no t looking at location specifics. Say, this region is stressed. So 
should we have a more stringent norm? We do not do that.
To renovate water firam wastewater is a very interesting concept. 
For instance, C hennai Petroleum  has p u t up a very huge R O  
plant -  2.1 million litres per day -  renovating water firom sewage. 
So it is possible to get virtually drinking quality water firom sewage 
water, i f  you want it. There are technologies available. Just two 
membrane technologies -  ultra-filtration followed by RO. B ut it 
is not being followed because it is still expensive in the sense that 
somebody has to take it as a mission. B ut if  you want to take it as 
a societal mission, then  it is possible that you can get recycled 
water -  virtually sewage water. So, industrial wastewater recycling 
is very m uch feasible.
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And there are new er technologies em erging on desalination 
processes, like the one from  deep-sea water extraction and flashing, 
com ing in Tamilnadu. It is a very interesting concept. Maybe more 
such technologies and m ore such dem onstration plants have to 
come in.
In some areas, we have the problem o f  arsenic and fluoride. A 
lot o f  scientists are working on it. I f  you look at arsenic removal, 
you will see hundreds o f  papers com ing from India. But then, if 
you ask them  if  this can be converted to  technology, the answer is 
no. They have only used certain materials, they will know  they 
can do it in bench-scale, but w hen it comes to real technology, it 
is n o t there. T here  is hardly any technology. We are now  re­
evaluating a couple o f  technologies from the US and we are also 
working on some o f these for U N IC E F in India only for arsenic 
and  fluo ride . So, for the  first tim e, we are d o in g  it o n  the 
com m unity level. It is not a tap level. As to how  to incorporate it 
in  th e  co m m u n ity  level, w e have d o n e  it fo r f lu o rid e  for 
electrodefluoridation. But we are now doing it through a bed o f 
modified zeolite as the material.
Air is a big issue in some o f  the cities, bu t the power sector and 
transport are the  m ajor pollu ters. Particulates are the  m ajor 
pollutants, and all cities -  most o f  the mega-cities as well as Class 
I towns -  they are all m onitored. But you wdll find that they are 
only  m o n ito rin g  in  certa in  cities for certa in  param eters bu t 
emerging parameters are not looked at. If  you want to know what 
the mercury level in Bombay is, nobody will know, because that 
has no t been m onitored. And D elhi could have a high level o f 
m ercury because it has a power station right in the city. You could 
have PAH (polyaromatic hydrocarbons) and dioxins and fiirans. 
But we do not m onitor some o f  these em erging pollutants.
And if  you take all these parameters that CPC B  puts out every 
year, there are regulations. M ost o f  the cities are not complying 
w ith  the particulate m atter. We publish and w e say particulate 
matters are bad. B ut still it is above the limits in Delhi, Kolkata, 
Hyderabad. We do not do anything about it.
O n e  o f  the  m ajor reasons is diesel -  diesel engines. A nd
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although the M ashelkar C om m ittee has w orked on A uto Fuel 
Policy and India is reducing sulphur in diesel, diesel particulate 
remains a major problem. O u r cars are old, and we do not have 
diesel particulate filter technologies in our cars. A nother is carrying 
capacity. We just keep on introducing more and m ore vehicles. In 
just a m atter o f  ten years, the num ber o f  vehicles in Delhi has 
doubled. And you still use a huge quantity o f diesel. You cannot 
have an old vehicle operating on diesel and expect particulate 
m atter in a place like Delhi to be under control.
We still have a p rob lem  o f  con tro lling  air p o llu tio n  from  
industries because these industries, for instance, the power plants, 
have been set up some 20-30 years ago. And if  you want to put in 
some o f  these em erging m odern  electrostatic precipitators, they 
require so m uch space that most o f  these plants do not have the 
space to retrofit. That is one o f the reasons why our power plants 
do not have ESPs.
O n  hazardous waste, there are rules and regulations, but I can 
tell you that only three states have the TSDFs. Maharashtra produces 
about 40% o f  India’s hazardous waste. And Maharashtra has two 
facilities. Gujarat has about ten facilities. Karnataka, Tamilnadu 
and Kerala are yet to have one. A ndhra Pradesh has one. Only 
three states in India are complying on this hazardous waste disposal. 
W hat are v^e supposed to do? We are supposed to create facilities, 
which will accept hazardous waste fi-om industries and dispose o f 
it in a scientific manner.
But if  you go to the industrial sites, this is what you see. There 
is a 1.5 million tonne o f  chrom ium  sludge being dum ped, and 
for more than ten years, it has been lying in the open. This is in 
Tamilnadu. And you can see that the water is completely polluted. 
Every day, you can get chrom ium  leached into water. And in that 
entire area, the w ater stretch is unusable. You cannot touch it, 
because it can have as m uch as 200 ppm  o f  C hrom ium  6. And that 
is the problem. T hen you will find many such dum p sites, illegally 
dum ped.
T h e re  are areas w h e re  in d u s tr ie s  have tak en  som e
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responsibilities. O ne  classic example I w ill give you is that o f 
Zuari Agrochemicals in Goa. They were storing about 250m^ o f 
arsenic for the last 35 years because they did no t know  how to 
dispose it off. And they were just keeping it -  until the Supreme 
C o u rt M onitoring  C om m ittee w ent and told them  they could 
not keep it for ever and had to do something about it. N EER I 
was given the job  and we did it as per the USEPA — converted 
every th ing  in to  a solidified fo rm  and disposed in  a landfill, 
designed w ith  extra precautionary principle, and we gave them  
the total disposal technology. It was done w ithin 45 days. So you 
do get som e developm ents like these, b u t these are very rare 
examples.
T he M ontreal Protocol is a classic example w here ‘polluter 
pays’ is concerned . B u t it also gave som e extra fillip to  the 
en v iro n m e n t. T ech n o lo g ie s  to  phase o u t o z o n e -d e p le tin g  
substances b ro u g h t add itional benefits. W h en  they  b ro u g h t 
refrigerators, they not only phased out the ODSs, bu t they gave 
better, energy-efficient refrigerators. So they are not only w ith 
non ODSs, bu t also are better efficient. Sometimes you get co- 
benefits w hen  you deal w ith  the environm ent and we should 
capitalize o n  that. So we are now  w ork ing  on  C D M  (clean 
development mechanism) for G H G  reduction and I am sure that 
we should be looking at better technologies.
India is a party to the Kyoto Protocol and we are looking at 
CO^. And one o f  the issues about CO^ is that it is mosdy coming 
from power and in the Indian inventory o f  greenhouse gases, you 
will find that CO^ is a dom inant -  65% o f  the Indian greenhouse 
gas inventory is carbon dioxide. And the bulk o f  it comes fi-om 
energy. Therefore, one concern for the future is the energy intensity 
o f  the Indian industries. And if  you look at it, our econom y is 
very highly energy-intensive. This is expressed in m etric tonne o f 
carbon dioxide equivalent per GD P dollar. And you will find that 
we are one o f  the highest in the world. If you take the form er 
Soviet U nion away, we will be in the top five. Therefore, we need 
to look at options to de-carbonize our economy. After 2012, w hen
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the Kyoto Protocol goes for re-negotiation, and Bush (US) is not 
going to  leave India and C hina out o f  it, they will w ant some 
com m itm ent from a country like India. Although we can politically 
argue and negotiate, this will be a major point for us to ponder -  
how do you reduce the carbon-intensity o f  your economy?
As for energy growth, yesterday there was a brilliant presentation 
on  nuclear. O u r energy grow th is five times the w orld energy 
grow th — 5.5% - whereas the average energy grow th is 1.1%. 
Naturally, US and Europe will seek some assurance from India 
that we will do something about our energy growth and carbon 
intensity. So, w e need  som e strategy for expansion on  n o n ­
renewable energy sources. They say that by 2025, India and China 
alone will be consum ing  75% o f  the w orld ’s coal. C oal w ill 
continue to be dominant, bu t that wiU also mean a lot o f  pollution 
because our coal is high w ith ash and sulphur. Therefore, we will 
have to handle pollution in a major vray, if  we have to continue 
w ith coal domination. We also have to look at other options.
O ne thing I want to flag here. Hydropower was considered to 
be very safe and very environm ent friendly. T here is a recent 
controversy that these dams produce as m uch m ethane and CO^ 
as CO^ in thermal power generation. And we are now  doing some 
studies o n  H yd ro p o w er projects. We w ill be m easu ring  the 
m ethane emission from hydropower dams.
T he future fuel, they say, is going to be hydrogen. There is a 
kind o f  a w orld energy growth pulse. T hey say that we started 
w ith coal and technologies were based on coal, followed by oil, 
followed by gas. The fiiture will be hydrogen. We are doing quite 
a lot o f  work on hydrogen, but not in a big way. T he U SD O E is 
putting something like $100 million and Bush has put in $2 billion 
just on carbon capture. That is the kind o f  m oney they pum p in. 
W hat we do is very little, b u t still, w e should be look ing  at 
hydrogen, at least in  a m ore concerted  way than w hat we do 
today. We are d o in g  very  m iniscu le w ork  on  the  hydrogen  
economy.
O ne o f  the advantages o f  hydrogen is that it produces water
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w hen it burns. T he fuel cell has a lot o f scope for a country hke 
India. Particularly, large-scale, high tem perature fuel cells have a 
lot o f scope, because here the efficiency is very high. It can be as 
high as 60%, whereas a PEM F (proton exchange membrane fuel) 
cell will give you no t m ore than 28-30%, just m atching that o f 
generators today. But the complexity increases w ith size. Removal 
o f  C O  from hydrogen is very im portant for pro ton  exchange, 
whereas that is not an issue for solid oxide or m olten carbonate 
fliel cells. So for large capacities, you can use this kind o f fuel cells 
w ith very high efficiency, easily touching about 55-60%, whereas 
here it will be difficult and also m ore complicated. Fuel cell is 
what most o f  the people are looking at for automobiles, but I feel 
that we should be looking at it m uch more.
W e should have a p rio rity  for waste m inim ization because 
prevention is better than cure, as everybody knows. So we should 
be looking at cleaner technologies m ore than end o f  the pipeline 
approach, creating wastes and trying to dispose them. We should 
be looking at the interm ediate stage and the priority  should be 
for prevention. O nly the last priority  should be for disposal.
We should also be looking at integrated industrial complexes 
where waste from one is raw material for another. As a classical 
example, I can speak o f  say, a sugar mill, distillery, and pulp and 
paper, w hich can be put together, so that the bagasse is used in 
the pulp and paper mill, the alcohol produced is also used for a 
chemical complex. You can have four industries in one complex, 
where you do not bring in external power -  you produce your 
own power. You know, today people say that a sugar mill will no 
longer be -  need not be -  called a sugar mill because the power 
w ill be a m ajor o u tp u t o f  the sugar m ill, ra ther than  sugar. 
Therefore, we should be looking at integrated sugar complexes 
w ith  distillery, pulp and paper and chemical complexes, so that 
we can reduce pollution as well as energy requirements.
A bout challenges for S&T, I do not need to say m uch, but I 
feel that we should be looking at biotechnology, in a big way for 
remediation. We are trying to save this universe and we are trying
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to avoid pollution. And biotechnology will play a m ajor role in 
remediation. In some o f  the projects in w hich I am involved, we 
are using in situ remediation only through biotechnology.
G reen chemistry should be prom oted. We have a very good 
green chemistry program, but not many good projects are coming 
in for that. D ST has a special program on green chemistry. Very 
little green engineering is done in  India. We do not talk about 
green engineering at all — we talk only about green chemistry.
We need to  address these issues -  this is my final slide. We 
have too many regulations and regulators and this has been counter­
productive. We need to find out how  to integrate them  and to 
m ake one person responsible -  one agency responsible -  for 
environment protection. We have to have technology and protocol 
m atu rity  before regulations. We som etim es tend  to  be over- 
enthusiastic. We pu t up a regulation w ithou t know ing how  to 
control it. I can give an example. I keep talking about dioxins and 
furans. We have put dioxins and fiirans in regulation whereas we 
have no  facility in India to measure them . N o  Indiantory  can 
m onitor dioxins and furans to the level it is needed -  0.1 ng per 
Nm^ as per international norms. It costs about R s 30,000 to  70,000 
per sample, if  you want to do it outside India. W ho will pay for it? 
We have incinerators all over India. T his is ju s t one classical 
example.
We have a very low R & D  b u d g ^ fo r  environment protection. 
As I said, environment p ro tec tion 's not an issue -  making a better 
product for industries, is an issue. And if  you want to take m oney 
firom any government agency, and if  you want to put up a pilot 
plant for environment protection, there is a lot o f confusion about 
funding. Each will say that maybe M O EF is the funding agency. 
They will fund for m onitoring. They will want to know  where 
th e  p o llu tio n  is, b u t w ill invest very  little  fo r tech n o lo g y  
developm ent Hke D ST does.
We do not internalize externalities. As I said, w e are still 
taking environm ent p ro tt: don as an external parameter. We do 
no t look at the polluter pays principle. We fine industries. We
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have fined Rs 29 crores to a polluting industry, but that is a private 
industry. We cannot fine m unicipal bodies for polluting water. 
Most o f  the pollution today is because o f the discharge o f  untreated 
municipal sewage and municipal solid waste. We cannot fine them  
because they are m unicipal bodies. Som ebody m ight say why 
not? Maybe we should consider.
O n  the conversion o f science to technology, we have a lot of 
science on environm ent protection, but we do no t convert that 
into technology, as P ro f Valiathan said.
We need to integrate sustainable development in our financial 
and developmental policies. We have still not taken that as a major 
issue and we seem to go along w ith the development in the area 
rather than looking at sustainable development. Gujarat is a classic 
example. We are saying that we should be looking at the carrying 
cap ac ity  o f  th e  re g io n  -  w e c a n n o t k eep  o n  p u tt in g  up 
petrochem ical complexes there.
W e need  to encourage investm ent in p o llu tion  abatem ent 
because it is still a lot o f  m oney for industry to invest. I do not 
want to talk about it — everybody knows it, and time is running 
out. We have to save this world w ith a lo t o f  our jo in t efforts. 
Thank you.
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Challenges in Higher Education in the 
Face of India’s Demographic Ascendancy
P P J^ M A  R A O  A N D  B K ANITHA
INTRODUCTION
T he unprecedented expansion o f higher education has affected 
many other institutions in the larger society. Both internal changes 
as well as external changes o f the institutions o f higher education 
have come to the forefront in the process o f massification o f higher 
education(The Economist, 2005). Most significantly is the character 
o f  s tuden t aspirations, m odes o f  governance, studen t teacher 
interaction and the varied forms o f  finances. T he resurgence o f 
the im portance o f  research in university education has further 
increased the com plexity o f  the relationship betw een teaching 
and research w ithin the context o f  the university education. At 
one end, the university education w ithin the Indian context has 
and  co n tin u es  to  en joy  a seco n d ary  status. T h e  increased  
com petition for funds for research has left the university system 
devoid o f  even a working proposition o f funds that is required to 
even engage in a semblance o f  research. T he internal structure 
and organization o f universities has always emphasized teaching 
as its p r im a ry  ro le  w ith  a co n sid e rab le  o v er b u rd e n  o f  
ad m in istra tiv e  fu n c tio n s , g iven  th e  b u reau c ra tic  ways th a t 
universities in India function.
Research activity in India is to a large extent considered as an 
elite activity. T hough the num ber o f  people engaged in research 
is gradually growing, it still requires intense socialization in an 
academ ic discipline. Additionally, as stated by G ibbons(2005), 
un iversities w ill have to  ad o p t to  th e  ‘M ode 2 know ledge 
production’ that requires a close w orking relationship betw een 
people located  in  diflferent institu tions and typically include 
business people, patent lawyers production engineers outside the 
university system.
T h e  co m p lex  in te r re la tio n s h ip  b e tw e e n  g lo b a liza tio n , 
international com petition and collaboration need to be understood 
and put in perspective, w hen one engages in analyzing the higher 
education system o f  any country. C om petition no longer, solely, 
takes place at the level o f  making products or providing services 
in  o rder to  increase m arket shares, ra ther com petition  in  an 
environment o f  alliances and collaboration is shifted to the second 
level where there is a pressure to innovate. C om petition now in 
the renew ed defin ition  is betw een design configuarations and 
th e  a b ility  o f  firm s to  d ev e lo p  th e ir  p o te n tia l  in crease  
resourcefulness and enhance creativity(G ibbons,20052 Krauss 
G,2006). ...
T he process o f  institutionalization under the conditions o f the 
dynamics displayed by the curren t know ledge production will 
have to  receive increased  a tte n tio n . All said and do n e  the  
universities still remain the core centre that is responsible for the 
training o f  these large num ber o f  specialists. T he new  form  o f 
know ledge p rod u c tio n  im pinges on the existing institu tional 
structures. It is o f  interest to understand how  universities cope 
w ith this new  expectation based on a clear shift o f  the process o f 
knowledge production, where the university is not the focus, but 
individuals and com petencies becom e the central categories o f  
analysis.
The challenge is further m ade m ore difficult since there has 
been an expansion o f  the higher education system, w here no t 
only the kinds o f  institutions engaged in this business has increased
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but also the very numbers o f  universities has grown . It is not the 
size o f  these institutions that pose a challenge bu t the varied 
functions o f these new kind o f  institutions. U nder severe budget 
constraints no institution can work in isoltionThe new institutional 
landscape o f  know ledge p ro d u c tio n  is m arked by academ ic 
disciplines showing increased fuzziness at the boundaries. In many 
areas w hether natural science project like the hum an genom e 
project or for that m atter social science where there is increased 
engagement w ith real life problems that necessitates one to cross 
disciplinary boundaries. Interactions between science technology 
and social issues have intensified.
T he greatest challenges in today’s world is also the management 
o f  disciplinary identities in  trans-disciplinary settings and the 
d ev e lo p m e n t o f  tran s-d isc ip lin a ry  capacities  and  th e  new  
dimension o f  quality control in the scene where there are several 
standards as there are diversified types o f  institutions.
HIGHER EDUCATION IN INDIA
The greatest challenge to higher education in India rests on the 
fa ĉt that the world econom y is becom ing m ore com plex w ith 
increased gloBalisationr In  this scenario, the new  paradigm  o f 
knowledge economy is gaining predominance. Historically, India 
was largely an agriculture-based economy. O ne can w ithout any 
hesitation claim  that the colonial rule to  a great ex ten t was 
responsible for India n o t being able to  take advantage o f  the 
Industrial revolution. Indeed, the country was a mute witness to 
the rest o f  the w orld  experiencing  unpreceden ted  prosperity  
through industrial revolution. After the colonial rule and having 
gained independence in 1947,India, has made a conscious shift, 
to moving towards an industrial economy. T he time lag has resulted 
in India paying a heavy price and the initial gap has proved very 
difficult to be filled.
However, this is not the case now, as the world moves into the 
era o f the so-called knowledge economy, India is an independent
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sovereign nation. T he strides we have made over the past three 
decades particularly in the field o f  science and technology has in 
particular positioned India at an advantage to excel in this new 
knowledge-intensive society. W ill India succeed in doing so? We 
all should hope that it would. If  it does not, it will be an immense 
tragedy. And we shall have no one to blame except ourselves.
If India is to seize upon the unfolding opportunities provided 
by the know ledge revolution, then  one will have to  n o t only 
engage in a critical assessment o f  the our higher education system 
but also on the interplay o f related factors that will impinge on 
the system both  directly as well as indirectly.
First, let us look at the economic prospect. A recent report o f 
Pricewaterhouse C oopers points ou t that by 2050 (Table 1), in 
US dollar terms, India will overtake Japan and the UK, and, in 
PPP terms, the Indian G DP will be equivalent to that o f  the United 
States. Besides this promising econom ic prospect, India is hkely 
to attain dem ographic supremacy in the world. T he U N  world 
population prospects database 2004 suggests that the working age 
population, which is 15-59 years, will increase only in India while 
in  all o th e r  m a jo r c o u n tr ie s , it w ill decrease  (Table 2). 
Consequently, nearly one in five o f  the work force in the world 
will be an Indian.
Table 1;
Com parison o f  C urren t and Projected Gross Domestic 
Product o f  Selected C ountries
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C o u n try GDP in US $ terms GDP in PPP terms
2005 2050 2005 2050
USA 100 100 100 100
Jap an 39 23 32 23
C h in a 18 94 76 143
U K 18 15 16 15
Ind ia 6 58 30 100
♦Source Pricewaterhouse Coopers Report: World In 2050
Table 2;
Com parison o f W orking Age Population (15-59 years) 
Am ong Selected C ountries
C ountry  2000(%) 2050(%)
India 17 1 9 -
C hina 23 14‘
USA 5 5*
W. Europe 3 2
Japan 2 1
*USA adds qualified people significandy by its liberal immigration policy.
Source: UN World Population Prospects Database 2004
This is a trem endous opportunity  and a challenge for India to 
utilise this vast hum an resources base. Training this enorm ous 
hum an power will require the nation to  overhaul the existing 
education system that focus on m em ory based learning to that o f 
d ev e lo p in g  analy tical and  tech n ica l skills fo r research and 
development leading to innovation. Unless we are able to achieve 
the goal o f building such skills in good measure in hundreds o f 
thousands o f  potentially able, young population, it is impractical 
to visualise India as a prosperous nation.
It is interesting to infer from the data presented in Table 3 that 
academ ic R  & D, expressed as % o f  a n a tio n ’s total R  & D 
expenditure, correlates w ith a nations wealth intensity (per capita 
incom e adjusted to purchase price parity). India invests about 3 
to 4% o f  India’s total R  & D in academic research while for the 
US, w hich is nearly 15 times m ore prosperous than India, the 
corresponding figure is 20%. Given the fact, that the R  & D 
expenditure o f  the US is 30 to 40 times m ore than that o f  India’s; 
it is surprising to note that the absolute differentials in academic 
R  & D between the two countries is more than a factor o f 200. 
This only suggests that there is an urgent need to  substantially 
increase the investment in academic research w hich necessarily 
will include a huge increase in the num ber o f  trained scientific
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personnel. T he universities in this country must be converted to a 
resource base for scientific trained hum an power. Additionally, it 
has cilM’i b een  p o in ted  o u t tha t in  to d ay ’s know ledge based 
economy, creation o f  intellectual patents(IPs) as well as utilisation 
o f  IPs is extremely crucial for any country to stay ahead in this 
competitive world( Narayan Murthy, 2007).
Finland, although a small country, presents an interesting case. 
Nokia o f  Finland alone invested 1% o f  the G N P o f  Finland into 
its R  & D, for w hich Finland draws intellectual resources from its 
university systerti. N o  wonder Nokia, and the likes o f Nokia, have 
su cceed ed  in  tran sfo rm in g  F in lan d ’s fo res t-p ro d u c ts  based 
economy into technology-intensive economy. A recent U N  report 
applauds the success o f  Finland as a role model in the way it has 
integrated science, technology and industrial policy to develop 
an innovation policy for the country.
Table 3:
Com parison o f  Selected Countries in R elation to Wealth 
Intensity and Investment in Academic R & D  (2002-03)




No. of Universities 370 120 20 1800
(Population) (1100 (45 (5 (280
million) million) million) million)
R&D as % GNP
Academic R&D as 
% Total R&D





Citations to all 
papers to National




<0.02 0.07 0.44 0.25
person) 2880 12000 27,100 37,500
Academic R  & D  and wealth o f nations correlated. U N  report 
applauds Finland’s model o f  integrating S&T and industrial policies 
to develop an innovation policy; country transformed from forest 
based econom y to high technology based economy.
Fundamentally, economists aver that the gross domestic product 
o f  a country, preferably expressed in PPP (Purchase Price Parity) 
terms, is obtained by the product N *Y  w here N  is population 
and Y is per capita incom e. Y, w h ich  is a strong func tion  o f  
investment capital (k), hum an capital (h) and resources ( r), can 
be expressed as Y= T f  (k,h,r), where T  stands for technology by 
way o f  design and innovation o f  instruments, products, processes 
and systems. These simple concepts unam biguously emphasize, 
above all, the im portance o f  what hum an resources can generate 
for a country.
In light o f  the fact, that hum an resources is critical to the wealth 
o f  a nation and that India is projected as the worlds largest work 
force, it cannot but be overemphasised that harnessing this abundant 
hum an resource will require careful planning.
W ith  the collapse o f  the Soviet U nion , the w orld witnessed 
the emergence o f  the US as a single nation super power. The last 
decade particularly has shown the emergence o f other countries 
forging their way to be a part o f  this super power. M ore and more 
nations are fast realising, that to remain in power will necessary 
mean building strategic alliances w ith o ther nations leading to a 
m u lti-po lar pow er centre. As a result, a m u lti-po la r w orld  is 
evolving in which, U nited States, China, European U nion, Japan, 
Russia and India constitute the im portant six nodes.
Political scientists predict that in the prevailing situation today, 
there will be no major conflict am ong themselves that wiU lead 
to a situation o f  war am ong these six nations. However, these six 
countries are constantly engaging in fierce com petition w ithin 
themselves. T he emerging world order seems to suggest that this 
thesis is valid. Then, India, as one o f  six nodal power centres, has 
to develop in to  a credible com petitor. H ow  will that happen? 
Clearly, India has to invest its considerable ingenuity, resources
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and efforts in areas where the country enjoys a clear comparative 
advantage. And India’s relative advantage resides in the wealth o f  
its hum an resources.
CHALLENGES IN H IG H ER  EDUCATION
H ig h er education  and research are basic to  bu ild ing  hum an 
resources. The challenges facing the country can be classified into 
four broad areas. They are:
(i) increasing capacity;
(ii) improving quality;
(iii) m inimising inequality and
(iv) internationahsing o f  the education system.
INCREASING CAPACITY
For nearly fifty years p rio r to independence, i.e. betw een the 
years 1900-1947, there was practically no increase in enrolm ent 
rates in higher education. After India gained independence, higher 
education  w itnessed a visible increase, th ough  increm entally  
d u r in g  th e  in itia l p e r io d  largely  su p p o rte d  by th e  In d ian  
government. D uring  the late eighties and nineties, globalisation 
b ro u g h t w ith  it the need  for u n p reced en ted  expansion that 
beckoned the participation o f  the private sector in education. 
Currently, around eleven m illion students are enrolled annually 
in higher education. This figure o f eleven million in India in reality 
represents only about 9 per cent o f  the eligible age group. In 
other words, although we claim that enrolm ent rates have relatively 
increased in com parison to pre independence period, in actual 
terms, over 90 percent o f  the eligible age group do access higher 
education.
This is despite the fact that the country has over 370 universities. 
The num ber o f  universities in India w hen compared to some o f 
more developed countries as well as to those countries w ho are 
beginning to make a mark is far fi-om adequate. For example, it is 
shown in Table 4 clearly indicate the num ber o f  universities that
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India should have in order to be at par w ith USA, U K  and Korea. 
T h e  co m p ara tiv e  figures g iven  in  th e  tab le  are d raw n  in 
correspondence to the population size o f  each country.
I t has b ee n  re p o r te d  th a t  th e  N a tio n a l K n o w led g e  
Com m ission(2006), has drawn atten tion  o f  the governm ent to 
the relatively inadequate num ber o f universities that India presently 
has. T h e  N a tio n a l K n o w led g e  C o m m iss io n (N K C ) has 
recom m ended an increase in the num ber o f  universities to 1,500 
by the year 2015. “This is needed to attain a gross enrolment ratio 
o f  at least 15 per cent [of the relevant age group o f  18-24] o f  the 
population from  the present 7 per cent, w hich is only half the 
average o f  Asia.” T he Com m ission has also recom m ended the 
creation o f  50 national universities as “exemplars o f  excellence”( 
Vishwanathan.S 2006). Obviously, the government cannot be the 
lone player for setting up this large enterprise. T he private sector 
wdll have to be tapped alongside w ith new  forms o f  partnership 
and collaborations to  raise and manage the required resources. 
However, India has n o t yet instituted a m odernised regulatory 
fram ew o rk  fo r an  e ffec tiv e  p u b lic -p r iv a te  p a r tn e rs h ip  in  
establishing and m anaging world class universities.
Table 4: Comparison o f  Number o f  Universities and Population 
Across Selected Countries 
Country Population No. o f  Universities To Be At Par
(in million) With The Country
O f  Comparison,


















Source: T.H. Chowdhury( In a private communication)
Inform ation Technology is a great leveller that can help in 
bridging the gap betw een those students w ho are enrolled and 
those w ho are yet to be brought into the fold o f higher education. 
However, the challenge o f  using technology for w idening the 
base o f higher education is not so simple. It requires a great deal 
o f  thought and systematic planning.
Recently, Dr. K. Kasturirangan in  one o f his presentations at 
NIAS highlighted the details o f  the EDU SA T initiative o f  the 
Indian Space Research Organisation. H e emphasized that this is 
for the first time all the elements o f educational and training system 
has been brought into a single space platform. However, to fuUy 
exploit its potential, it will be imperative to create new institutional 
structures to  b rin g  together all stakeholders under one single 
authority. Further, stardardised ground system modules that would 
enable reception display, storage and dow n loading operations 
on one side and w here required facility for interactive sessions 
have to be setup. A third im portant aspect is the creation o f  a wide 
variety o f  educational contents for applications related to teacher 
training, supplementing the ITI curriculum, enrichm ent o f  school 
and  co lleg e  e d u c a tio n  and  c u r r ic u lu m  based  tra in in g  fo r 
professionals. Integral to all this is the provision for posting news, 
views and comments that allows for continuous feedback.
A phased build up o f  capabilities and capacities is a must with 
com m itted resources. For example, 18 hours o f  broadcasting per 
day w ith 3 repeat broadcast will need about 7000 programmes in 
a year. This, in tu rn  will mean direct employment to  about 3000 
persons and indirect em ploym ent to  several thousand support 
persons. O n  the financial side, one can envisage investment o f the 
order o f  10-12 thousand crores over the next ten years in a phased 
manner. It is thus im portant to  note that while EDUSAT draws 
upon the experience o f  years o f  distance education and training 
efforts, creating innovative systems on the ground, as for the project 
that is analogous to the use o f  other space based systems in India, 
that is rem ote sensing and com m unication, is the need o f  the 
hour in this case too. There is an urgency to review the related
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issues b o th  at th e  g o v ern m en ta l level as w ell as by  o th e r  
stakeholders in  education and training.
O pen  Universities is yet another m ode to reach ou t to the 
million eligible population w ho have been unable to access higher 
education. They have made valuable contribution to the expansion 
o f  higher education; however, the use o f  m odern technology by 
open universities is limited at present and warrants expansion in 
a big way. Innovation in the m ode o f  expansion is integral to 
m eet the equity and quality goals o f  higher education
A m ong the several initiatives undertaken at the national level, 
the N ational Program m e for Technology E nhanced  Learning 
(N P T E L ), th e  o n e  th a t is su p p o rted  by M H R D , is w o rth  
m entioning. P rem ier institutions in  the country  like the IISc, 
Bangalore and seven IITs have worked together to develop content 
in  selected B .Tech courses in  such a way as to  render them  
amenable to m ulti-media-enabled as well as web-based education. 
T he potential o f  this initiative need to be critically assessed and 
corrective measures to  improve it’s over all effectiveness must be 
integrated into the programme. In yet another initiative by IIT 
Bom bay, w ith  w ha t is arguably th e  m ost successful distance 
education program m e in w hich the lectures delivered in  their 
institute as part o f  their own IT  courses in their Kanwal R ekhi 
School o f  Information Technology (KReSIT) are transmitted using 
V-sat com m unication technology to  rem otely located regional 
centres. T he success o f  this programme needs to be assessed with 
the view point o f  it’s im pact as well as a detailed feedback for 
further improvement.
Thus, the country can list o f  a few laudable initiatives that have 
been attem pted in utilising m odern communication technologies 
to increase access as weU enhance the quality o f  higher education. 
However, these efforts have been isolated and carried out at the 
micro level. Upscaling and substantially increasing the outreach 
to make a visible impact at the national level is a major concern. 
In this effort one needs to give careful consideration to the overall 
quality o f  higher education.
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IMPROVING QUALITY
Historically, the Universities o f Bombay, Calcutta and Madras were 
the first three Universities established in India early in the year 
1857. T w enty-seven  colleges th a t fu n c tio n ed  in  these th ree  
Universities marked the inauguration o f higher education in India. 
A t the  tim e o f  In d ep en d en ce  in  1947, there  w ere only  20 
universities and about 500 colleges. T he student enrolm ent was 
around 2 lakhs. After six decades, in the year 2007, India has over 
370 universities. T hese include affiliated colleges and o th e r 
institutions o f  higher education. There has been proportionately 
an increase in the total num ber o f  colleges as well as student 
enrolm ent. T he annual enrolm ent o f  students has increased by 
17600.
Unlike many countries across the globe, the higher education 
in India poses a unique challenge. This is prim arily because the 
Constitution o f  India has chosen to place education as a subject 
in the concurrent list. This will automatically mean that education 
in the country is shaped both by the numerous state governments 
as well as the  cen tral governm ent, thereby  em pow ering  the 
Central as well as the State Governments to establish universities. 
T he wide disparity in the socio-economic and education indictors 
across the different states also impacts the quality o f  the universities 
in their respective states. Thus, one can see the evidence o f  uneven 
growth o f  universities across different states in the country.
Apart from this, there is also a provision made in the Indian 
Constitution, to accord selected institutions, the status o f ‘D eem ed- 
to -be’ Universities. U nder this provision, the centre and the state 
have several universities that fall under this classified group. In 
addition, some o f the State Governments have also made provision 
w ithin the legislation to create w hat is called private universities. 
However, there is, as yet, no Central legislation (i.e. by the Indian 
Parliament) for establishing private Universities.
O n  the other hand, the Central Governm ent has also instituted 
a new  category o f  Institutes called the Institutes o f  N ational 
Importance. Each o f  the 13 Institutes o f  National Importance has
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come into being through an Act o f  the Parliament. A more recent 
developm ent in the country  pertains to institutions w hich are 
imparting higher education but have no t sought a university status. 
These institutions award only Diplomas. M ost o f  such institutions 
are in  the  discip line o f  Business M anagem en t and Business 
Administration, o f  which the 6 Indian Institutes o f  Management 
(IIMs) and the Indian School o f Business have made a name for 
themselves. The 370+ universities which have thus come into being 
are classified as shown in Table 5.
Table 5: Classification o f  Higher Education Institutions in India










Institutes o f  Medical Sciences accorded 
University status by the States (AP : 2, Bihar:
1,J&K:1&UP:1)
Private Universities established under State 
Legislation (Himachal Pradesh;!, Gujarat:2, UP:2, 
Uttaranchal:2)Note: Rajasthan has passed the legislation 
but no Private University has com e up yet)
a) Deem ed-to-be Universities fiinded by M H R D  
(IISc, NITs,JN C ASR ,TIFR  etc.)
b) Deem ed-to-be Universities which are self-financed 
Institutes o f  National Importance (IITs:7,PGIMS, 
AIIM S,SCTIM ST,NPhE&R,ISI,Dakshin Bharat Hindi 
Prachar Sabha)
Institutes which have not sought University Status 












T he classification o f  universities indicate that India has experim ent­
ed wdth diverse patterns o f  governance and now  runs a complex 
system o f  370 universities or more, the bulk o f  w hich are State
universities. T he relatively better institutions o f  higher education 
belong to  either the category o f  deem ed universities flinded by 
agencies o f  the Central governm ent, the Institutes o f  N ational 
Importance or the M anagement Institutions w hich have preferred 
to stay outside the university system. T he State universities have 
grievously suffered fix)m the system o f  affiliation. A large num ber 
o f  the more than 17,600 colleges are affiliated to one or the other 
State universities.The unfortunate result is that the State universities 
have in  the process have been largely reduced to  exam ination 
conducting bodies.
Additionally, some o f the States have used their legislative power 
to enact and establish private universities. However, a large num ber 
o f  such universities have been denied recognition by the U G C  
due to  poor standards. A small num ber o f these universities,(See 
Table : 6) o f  the State-legislated private universities, although 
recognized by the U G C , have not shown any significant promise.
Table 6: Distribution o f  Private Universities Under State Law that are 
recognized by U G C
Name o f  the State Names o f  the Private Universities
Gujarat Nirma UniversityDirubhai Ambani Institute o f
Information Communication Technology 
Himachal Pradesh Jaypee University o f  Information Technology 
Uttar Pradesh Integral University, Lucknowjagatguru
Rambhacharya Handicapped University, 
Chitrakoot
Uttaranchal Dev SanskritiVisvavidya Pith, HardwarUniversity
o f  Petroleum & Energy Smdies, Dehradun
It is not surprising therefore that Amartya Sen com m ented recently 
at the H arvard A lum ni Association M eet at N ew  D elhi on  26 
M arch 2006, that India has prematurely privatized universities.
Universities in India largely concentrate on  teaching and do 
not have a clear mandate for research. This has been one o f  the 
prim ary reasons for the steady dechne in the research output o f
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universities. In the 1950s the universities accounted for 60% o f  
research output in  the country and fifty years later, the share o f 
universities in the country’s, research output has dropped to less 
than 10%.
T he culture o f  taking ou t patents was non-ex isten t in the 
university system for a long time. It is only recently that there is 
awareness o f  the im portance o f registering innovations through 
patents and the num bers still are no t impressive. In nearly U'.n 
years since 1995, the total num ber o f  Indian patents filed by the 
educational in stitu tions is less th an  800. In ternationally , for 
example in the year 2005, academic institutions accounted for 
over 5% o f  the  to tal inventions in  the  w orld . M oreover, the 
governance structures o f  State universities to  a large extent, and 
the Central universities to a lesser extent, have been adversely 
affected by inadequate funding and other related constraints.
However, it is unfortunate that, although India has a heritage o f 
scholarship, today, none o f the Indian universities compares with 
the best universities in the world in terms o f  creative outputs. The 
question therefore is whether cur country can even design an institute of 
higher education which m il in due course acquire such a stature and come 
up with such outputs that will propel it to the league o f the highest ranking 
universities.
It will be therefore pertinent to raise the question, w hat are 
the attributes o f  great universities? A respected recent publication- 
Academ ic R ank ing  o f  W orld U niversities b rough t o u t by the 
Institute o f  H igher E ducation, Shanghai Jiao Tong University, 
China in 2006 listed the top 500 world universities. W hile it may 
be a m atter o f  debate regarding the way in w hich they arrived at 
the ranking, it still rem ains a fact that the positions o f  these 
universities will alter little w ith an alternative objective measure. 
R esea rch  and  re la ted  p u b lica tio n s has b een  cen tra l to  the  
methodology adopted for ranking. It is interesting to note that 8 
o f  the top-m ost 10 universities are in the U nited States.
Drawing comparisons w ith the US, is not necessarily since it is 
a model towards which Indian universities need to  work towards
P RAMA RAO AND B K ANITHA 97
98 SCIENCE, TECHNOLOGY & SOCIETY
specifically, but more so because it sets the default standards and 
may be useful as a benchmark to begin with. It is in this background 
that it may be worthwhile, to examine the key features that render 
the US universities to excel. Two features o f  the US education 
system stand out as key to excellence in the top US universities.
T he first is that these universities are autonom ous, and the 
person who heads these institutions display exemplary leadership 
capabilities( Hendrey G.D and Dean S.J, 2002). In an extremely 
educative analysis, Amanda Goodall o f  University o f  Warwick, 
UK has shown that there is a positive correlation betw een the 
research credentials o f  the heads o f the universities and the ranking 
attained by the universities concerned. In his analysis, Goodall 
has studied the research performance o f  the Vice-Chancellors o f 
the w orld’s top 100 universities. It is remarkable that the rank 
o rder o f  universities follows the rank o rd e r o f  the  research 
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Figure 1: World Ranking o f  the Top 100 Universities and Research 
Credentials President’s (P- score) o f  their Presidents are correlated
Source: Amanda H. Goodal ofWarwick university (UK)(2006)
This may not necessarily w ork one-way. Alternatively, when 
universities have faculty o f very high credentials, they invariably 
look for a President w ith relatively higher research credentials. 
Having stated this, it still remains a fact that the Presidents score 
and University ranking are highly correlated. Unfortunately such 
a criterion is invariably not used while choosing Vice-Chancellors 
in our country.
T he second feature underlying the unparalleled excellence o f 
a significant num ber o f US universities is that they brutally compete 
for high calibre faculty, w hich automatically leads to very able 
men and wom en being inducted as faculty in the top universities. 
The openness, flexibility and substantial funds o f these universities 
are able to bring together some o f the best minds from a variety 
o f  cultural backgrounds and to encourage individual initiative. 
By comparison, the quintessential reason for the failure o f India’s 
h igher education system is the dearth o f  adequate num ber o f 
high-calibre faculty. T he unfortunate consequence o f  this serious 
defic iency  is th a t w h ile  U SA  d om inates in c ited  research  
p u b lica tio n s  and  o rig in a l p a ten ts , In d ia ’s p e rfo rm an c e  by 
com parison is poor. It is no t surprising therefore that a large 
num ber o f talented Indian students go to the US year after year.
The US has, unlike any other country in the world, strategically 
instituted innum erable scholarships, freeships and assistantships 
to facilitate absorption o f  several hundred foreign students (the 
num ber o f  Indian students in USA last year was 86,000).
In the context o f  discussing the quality o f  university education, 
the comparable figures in the overall education system between 
th e  tw o  c o u n tr ie s  b eco m es usefu l to  get a m u ch  m ore 
comprehensive picture o f  higher education.
As shown earlier, there appears to be a big gap in term s o f 
quality o f  university education between India and US but what is 
more striking is there is also a huge gap in terms o f actual numbers 
when one moves to higher levels o f  college education. It can be 
noted that, the enrolment figures o f India significantly exceed the 
US up to the level o f the first degree. However, the world famous
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Table 7: Comparison o f  the Education System o f  India and United 
States on Key Indicators
Enrolment in Education
No. enrolled in schools (Gross)
(Primary to 10+2 class
Given the drop out rate o f  40%,
N et enrolment
No. enrolled into colleges
(Bachelors and above)
N o. o f  universities (most are
affiliating; 17600 colleges)
Annual turn-out o f  Bachelors
degree holders
Annual turn-out o f  Master’s
degree holders
Annual turn-out o f  PhDs
India
195 million +  
117 million 
11 million + +
360*















(US sources: *US census Bureau; **NSF) (India sources: + Central statistical 
organization; ++U G C ; *T h e current number o f  universities is 426.
graduate schools o f  the US produce 1.5 times the num ber o f 
Masters degrees and 2.7 times the num ber o f  PhDs in all disciplines 
com pared to India. Interestingly, w hile US produces far m ore 
PhDs in science and engineering (about 1.5 times) compared to 
those in other disciplines, India does the opposite, i.e. far more 
PhDs (1.5 times) in other disciplines compared to the num ber in 
science and engineering.
However, the comparative picture allows us to conclude,
a) the quality o f  our educational system at the higher education 
level, particularly at the Masters and PhD levels have to be 
significantly higher and, m ore importantly.
b) this is no t an impossible task for India to exceed the US 
numbers and match their quaHty in higher education.
MINIMISING INEQUALITY
A more daunting problem threatening India is the stark uneven 
development o f the different regions o f the country. There appears 
to be reasonable recognition by the poUtical leadership regarding 
the economic as well as social disparities, though these disparities 
are increasing with time. W hat seems to be lacking is the absence 
o f  recognition o f  institutional disparities across different regions 
particularly in higher education. T he disparity unfolds itself in 
terms o f  actual num ber o f institutions o f  higher education to the 
difference in the quality o f these higher education institutions in 
the different regions. Such institutional disparities could indeed 
be causing economic disparity. For instance, there appears to be a 
high correlation between enrolment in higher education and per 
capita GDP o f the States o f  India (Figure 2).
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Figure 2: Correlation Between Per Capita State Domestic Product and 
Gross Enrolment Ratio in Higher education.
Source: Keynote Address by Dr. M. Anandakrishnan at the 36* Annual 
Meeting (2006) o f  the Indian Society for Technical Education.
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As a case in point, it may be useful to highlight the kind o f 
institutional disparity that is on the rise in India, in the case o f 
engineering education and bio-technology R  & D institutions. 
These two examples are relevant in the context o f the spectacular 
growth in information technology (IT) and bio-technology (BT) 
seen in India during the recent past.
During the past five years, i.e., between the years 2000 -2006, 
engineering education in India has w itnessed a grow th w here 
the annual intake has grown by a factor o f 5 to the present level o f  
over 560,000. W hile this is a remarkable development in higher 
education, growth in this sector has not occurred evenly in the 
country. Around 60% o f  the present intake is accounted for by 
just four States, namely Andhra Pradesh, Tamilnadu, Karnataka 
and Maharashtra. The situation is not very different in respect of 
the other market oriented disciplines like pharmacy, architecture, 
com puter applications and business administration. It is shown in 
Figure 3 that in all these disciplines, the above 4 states account for 
50 -65%  o f the intake.
(%  of National : 2003)
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Figure 3 Intake at undergraduate level correlated to IT E S  employment*
*The same four States account for 57% o f ITES & BFO employment 
Source: N.G. Satish, Administrative Staff College o f  India as Part o f  the 
NIAS Project on R egional and Sectoral Imbalances in the 
Development o f  S&T in India
P RAMA RAO AND 13 K ANITHA 103
The economic implication o f this disparity is evident from the 
fact that the same four states account for nearly 57% o f employment 
in the IT  enabled services and business process ou tsourcing  
industries. W ith the total employment is presently at 1.6 million 
in these segments, and considering the potential for growth in 
em ploym ent in the com ing  years, the close correspondence 
betw een institu tional and em ploym ent disparities om inously 
suggests that, concentrating development o f technical skills in only 
a few States could  lead to  a m ajor divide in the country. A 
consequence o f such a divide might be migration o f population 
into a few States, such as these four States, in search o f technical 
education and consequently for employment.
The bio-technology R  & D institutions trace a different pattern 
among the states o f India. In this case a comparison can be made 
between two groups o f States as has been done in Figure 4. O ne 
group consists o f Andhra Pradesh, Delhi, Karnataka, Maharashtra
Figure 4 Regional disparity in the biotechnology R & l) scene**
N os. are in % N ational
P opulation Institutions Industries
Q  AP, Delhi (incl Noida), K arna taka ,  M aharash tra .  TN 
®  Orissa, Assam, Biliar, Rajastlian. M P
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Figure 4 Regional disparity in the biotechnology R& D scene**
Source: N.G. Satish, Administrative Staff College o f  India as Fart o f  the 
NIAS Project on R egional and Sectoral Imbalances in the 
Development ofS& T  in India
and Tamilnadu, while Orissa, Assam, Bihar, Rajasthan and Madhya 
Pradesh constitutes the second group. Each o f  these two groups 
o f States accounts for 30% o f India’s population. T he disparity in 
the strength o f  bio-technology R  &D institutions between these 
two groups is striking. W hile the form er group has set up and 
nurtured 50-80% o f the R  & D  institutions, the second group o f 
States do not count for m uch in this regard.
T hese exam ples p o in t o u t how  im p o rtan t it is to  analyse 
asymmetries in the distribution o f institutions o f higher education 
as well as o f  science and technology in the country. N ational 
Institute o f  Advanced Studies (NIAS) has taken up a major project 
to carry out such an analysis.
INTERNATIONALISATION OF FACULTY A N D  STUDENTS IN  
UNIVERSITIES
A key element contributing to the unm atched supremacy o f  the 
American universities is that they attract talent from all over the 
world. They are able to do so because o f  several unique features 
associated w ith the US universities. Besides those discussed earlier 
in this article, it is noteworthy that world-class universities in  the 
US do n o t im pose a citizenship requirem ent on their faculty 
following the dictum  o f the American Council o f  Education (ACE) 
that “academic talent knows no national boundaries” . This liberal 
policy has stood the US education system in good stead.
Although US universities like any other country face, faculty 
shortages, they have never faced a crisis situation like what India 
is currently going through. This is prim arily because they draw 
distinguished faculty from different countries. It is same case with 
regard to student enrolm ent in higher education. At any given 
point in time, the U nited States will have around 60,000 students 
on their campuses. T he US also sends out on an average around
20,000 students to other countries on an annual basis. However, 
very few o f  these students come to India.
There are major lessons for India to draw from the US successes 
in  respect o f  in te rn a tio n a lis in g  the  faculty  and studen ts  in
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universities. T he potential benefits firom such internationalisation 
could be immense. Because o f  the principle that education and 
research thrive on the basis o f universality o f knowledge systems, 
absorbing talented people at the faculty and at the students level 
from  diverse educational and cultural backgrounds w ould  be 
crucial for a more wholesome academic fellowship(Natalicio,2004). 
Besides, there could big econom ic gains.
FUTURE DIRECTIONS FOR HIGHER EDUCATION IN INDIA
A m ong others, India has to be forward looking and develop a 
comprehensive strategic plan for the development o f  science and 
technology in the country. O f  significant im portance is to strike 
the righ t balance betw een original research and technological
Table 7. Comparison ofTechnology Base Index 
Among Selected Countries.
India’s gains in strategic Technology base index(TBI)'^
Technology
Indigenously designed 600-700 
MWe PHWRs in 5 years
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construction time USA 0.73
INSAT system for TV access to
more than 80% of population Japan 0.70
IRS system for management of
national natural resources S. Korea 0.67
Long range guided missiles India 0.20
Power plant equipment
*TBI is a composite index of four criteria; (For details of the calculation
please see HD R 2001)
(a) Technology creation (patents and receipts of royalty and license fees 
from abroad);
(b) Difiiision of recent innovations (ICT and exports of higher and medium 
technology products);
(c) Difiiision of old innovations (telephones and electricity); and
(d) Human skills (average years of schooling and gross tertiary enrollment in 
science, maths and en^.).
innovation. T here  m ust be a quan tum  leap in  the quahty  o f  
scientific and technological research in the country. T he culture 
o f research needs to permeate our universities that are the essential 
building blocks and suppliers o f  trained scientific and technical 
workforce in the country. Thus, broad basing the trained scientific 
and technical hum anpower in the country has to receive increased 
focus. This w ill lead to  enhanced  know ledge infrastructure. 
Research in basic sciences must regain its im portance and must 
be the foundation o f  learning in all universities.
IM PROVING THE QUALITY OF RESEARCH
Original research has taken a backseat in India as a consequence 
o f the market forces. A major reason for this is that the university 
system  has been  w eakened  in  the absence o f  research. T he 
consequences o f  this can have a far-reaching impact. For instance, 
the R & D  hum an pow er in India is only about 0.15 per 1000 
(most o f  w hom  are in governm ent laboratories) compared to 4 
per 1000 in USA and more than 7 per 1000 in Japan. Further, the 
effect o f  India’s low  research across the board is m ost starkly 
reflected in India’s low technology base index (See Table 7).
T he fact that the country  has m ade notable R & D  gains in 
strategic fields is im portant but not sufficient. Even at this stage, 
w hen the government investment in R & D  is increasing manifold, 
the fields o f manufacturing and microelectronics, for instance, are 
lagging far behind (Table 8) in com parison to the rapid strides 
being made in novel technology areas. There is an urgent need 
for rejunevating R  & D in familiar technology areas as well, in 
view o f  their potential o f  a major impact on the economic well­
being o f the country.
E N H A N C IN G  KNOWLEDGE IN FRASTRUCTURE
Infrastructure discourse and comparisons often refer to per capita 
consum ption o f  electric pow er and the num ber o f  telephones 
per unit o f  population, i.e. telephone density. In the same way
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Table 8. Developments in Novel Technologies vis-a-vis Lack o f  
Comparable. Progress in Familiar Technologies
Novel technologies
♦  Information Technology ( IT)
(IT  Industry proposes to induct >3,SO,000 Engg. Graduates)
♦  Biotechnology (BT)
(Pharmaceutical Industry investment in R&D is highest at nearly 
S% o f turnover)
♦  Nanotechnology (NT) (over Rs.200 crore in 2006)
(Master Degree courses and Nano Science Research Centres in 










(Employment prospects unclear; R& D Investment <0.5% turnover; N o  
N ew  Courses or Research Centres)
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one can use doctoral density, that is the num ber o f PhDs per unit 
o f  population , as a m easure o f  know ledge infrastructure. T he 
telecom policy aimed at doubling or trebling the telephone density 
and, w ith  an effective regulatory au thority  in  place, achieved 
phenom enal expansion, especially in m obile phones, in w hich 
there was substantial, com m endable private participation. As a 
result, there are over 100 million mobile phones in India currently.
We need to achieve a similar expansion in the field o f  research- 
based degrees.
T he num ber o f  PhDs produced annually in  our country  in 
science and engineering is about 6000 presendy. T he US, which 
produces about 27,000 annually is the single largest producer o f 
PhDs in science and engineering in the world. T he difference in 
output o f  PhDs between US and India is a factor o f  about 4.5. O n  
the other hand, the per capita consum ption o f electricity, an index 
o f  physical infrastructure, for India is about 600 kw h w ith  the 
corresponding figure for the US being about 13,000 kwh, which 
means a difference by a factor o f  m ore than 20. India does not 
have the financial resources to raise the per capita consum ption 
o f  electricity in our country even by a factor o f  4.5 in the near 
term , let alone closing the gap between India and the US.
O n  the other hand, the investment that is required to raise the 
num ber o f  PhDs by a factor o f  4.5, i.e. to the level o f  the US, is 
definitely w ithin the realm o f  realisation if  one works towards it. 
India can certainly reach the level o f  the US w ith regard to the 
num ber o f  PhDs in  the near future. It has been no ticed  that 
increasing the production o f electricity is on the national agenda, 
although the achievem ents have been  m odest. U nfortunately, 
increasing the num ber o f  PhDs, strangely, does no t figure in any 
po licy  agenda. I t is p recisely  these tw o  sectors, e lec tric ity  
generation and advanced research, that are fundam ental to the 
prosperity o f  any nation. However, the country is yet to discover 
the magic potion that wiU enable it to achieve a quantum  leap in 
the two sectors.
We have in  place an impressive institutional fram ew ork for 
h igher education  w ith  over 370 universities and over 17,600 
colleges. A target o f  30,000 high quality PhDs, as judged by robust, 
time-tested processes o f evaluation, in science and technology is 
not beyond the capacity o f  the institutional strength that we have. 
It is only that we had not, until recently, set such a goal to be 
achieved. This is now  being sought to be corrected by an M H R D
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em powered com m ittee headed by Professor M .M . Sharma.
In the past, questions, such as w here is the market for PhDs, 
were raised in chorus. As noted earlier, that situation has changed 
dramatically. GE, a multinational company, sought 1200 PhDs for 
its Jack Welch C entre in Bangalore. A lthough GE has been the 
forerunner in this area, m ore and more domestic industries (e.g. 
B IO C O N ) as well as foreign industries (e.g. IBM and GM) are 
offering attractive em ploym ent opportunities to PhDs. A major 
void in  Ind ia’s num erous eng in eerin g  colleges is the lack o f  
quahfied teachers w ith a Ph.D. If  only the regulatory mechanisms 
were stringent and effective, hundreds o f  these colleges w ould 
have had better-qualified teachers. T he experience o f  research 
am ong the teaching faculty is integral to developing a research 
culture in these institutions o f  higher learning.
T he discussion on PhDs is actually a discussion on research 
skills. W hen reference is made to  the creative work force, what is 
co n n o ted  is the strength  o f  innovative and research-capable 
personnel. In this respect, as well as the gap betw een the US 
(with a creative workforce o f  1,200,000) and India (about 200,000 
strong) is again a factor o f  about 6 and certainly can be bridged. 
W hat is the difference betw een  an individual in  the creative 
workforce and one on a factory shop-floor. Peter Drucker, in his 
classic text entitled “T he Age o f  Discontinuities” brings out the 
difference by characterising the knowledge w orker as one who 
puts in an “exceptional day’s w ork” as opposed to the manual 
worker w ho puts in a “fair day’s w ork” . Incidentally, he adds that 
a fair day’s w ork deserves a “fair day’s pay” while an exceptional 
day’s w ork needs to be rewarded w ith “exceptional pay” . India’s 
p u b lic -fu n d e d  in s titu tio n s  have n o t b e e n  able to  rew ard  
exceptional perform ers adequately and action is called for to 
institutionalise imaginative reward systems.
T he reason why the strength o f  R  & D personnel is low in 
India is because m ost o f  them  are in governm ent laboratories 
like those o f  D R D O , DAE and DOS. T he laboratories o f  these 
agencies are the best endow ed in our county. T hey  have also
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undertaken highly challenging projects. However, the strength o f 
their staff is substantially inadequate. O n  the other hand, the 370 
universities o f  India are hom e to a large population o f  young 
researchers. H ow ever, th e ir  resources and  in fra stru c tu re  are 
nowhere near what the agency laboratories have. T he universities 
cannot therefore take up grand-challenge projects. There is thus, 
a mismatch between the hum an resource they are endowed with 
and w hat they can take up by way o f  R&D. O n  the other hand, 
the opposite kind o f  mismatch characterizes R & D  agencies.
T he only way to erase these mismatches is to  build  strong 
bridges between the university system and the agency laboratories. 
O ne way o f  building such bridges is to set up one or m ore o f  
agency labora to ries w ith  focused R & D  program m es on the 
campuses o f  academic institutions. A good m odel to emulate is 
the A pplied Physics Laboratory (APL), largely funded  by US 
defence R & D  (D A RPA ), on  the  cam pus o f  Johns H opk ins 
University, Baltimore. In India, an outstanding such example is 
the Central Leather Research Institute (CLRI), a C SIR  laboratory, 
on the campus o f  Anna University. T he organic link between CLR I 
and the U niversity  in  w h ich  it is located  has resulted  in  the 
remarkable situation that 65% o f  leading personnel in the leather 
industry leaders in our country today are products o f  the symbiotic 
c o n n e c tio n  b e tw e e n  C L R I-M a d ra s  (th en ) -  A n n a  (now ) 
University.
Given the grow ing num ber o f  youngsters and the role that 
they can play in a knowledge-driven economic system, India has 
to m ount a campaign focused on generating a large, highly-trained 
work force. This is the responsibility o f  no t just the goverrmient 
but also that o f  the industry.
CONCLUSION
In conclusion, universities in  the curren t scenario will have to 
gear tow ards becom ing  a part o f  the  d istribu ted  know ledge
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production . This essentially w ill be people and com petence- 
centred.
T he key feature will be to strike a balance between competition 
and collaboration on several levels and different forms. Knowledge 
production is increasingly a socially distributed process. Its focus 
is global. T h e  universities m ust enlarge its view  o f  its role in 
knowledge production from that o f  being a m onopoly supplier 
to becoming a partner in both national and international contexts. 
Such a im perative change w ill necessitate a red efin itio n  o f  
excellence am ong academic institutions.
It is increasingly being realized that there is no longer a linear 
sequential and hierarchical models from research to development 
to innovation and use. T he inter-linkages between the elements 
o f  research development innovation and use has several patterns 
and ways that also crosses several disciplinary boundaries and 
does not imply the presence o f  al’ these elements in every single 
model. T he thrust for any existing m odel could be anchored by 
any one o f  the above m entioned  elements w hile all the o ther 
elements play subsidiary but strategic role in the model.
T hough the scientists will remain im portant in proposing areas 
o f  research, research prioritization will be generated through an 
in te rface  b e tw een  the  various stakeho lders and hence  w ill 
increasingly becom e participative and broad based. R esearch in 
the universities will have a cognitive and social dimension.
Institutions o f  higher education will have to strike a balance 
between existing stable and continuous forms o f  organizations to 
those that are m ore flexible, and temporary. T he real challenge 
will be o f  locating a point on the continuum  o f  rigidity, flexibility 
and chaos.
A n excellent passage from  a recen t article by Professor R . 
Radhakrishnan o f  the University o f  California is worthy o f  quoting 
here;
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“60 years ago Nehru declared to the world that India had suaessfully
kept its tryst with destiny. I f  that declaration announced the birth o f a new 
nation both to itself and to the world, six decades later India is engineering 
yet another rebirth as it aligns itself with its own internal pulse and the 
rhythms o f a globalised world economy”.
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Quality of Engineering Education 
N J R A O
1. PREAMBLE
Engineering education is both the cause and effect o f  many forces 
in the society. A fast growing industrial sector generates a need for 
new  technologies, and consequently for engineering m anpower 
that can generate new products for the expanding markets. A well- 
trained engineering manpower can bring about quaUtative changes 
in the nature o f industrial activities in any country. Engineering, 
m ore than any other profession, has m ore direct impact on the 
wealth creation in any nation. Engineers can help design, install, 
support, and maintain national infrastructure. They can serve as 
change agents, not only for technical systems, but also for many 
other systems o f  the society. Hence, in a technologically intensive 
society, the  education  and tra in ing  o f  the  technologists and 
engineers assume a great importance and are treated as basic needs.
Generally, the fundamentals engineers learn in colleges remain 
fundamental bu t the way in w hich these fundamentals are applied 
changes rapidly. Hence, w ithout integrating the knowledge from 
various disciplines and applying them  in innovative ways, it is 
difficult for engineers to continue to be effective. T he quality of 
education received by the engineers will have a direct impact on 
how  the companies, w here they are employees, com pete in and 
contribu te to  the global economy. Technological innovation is 
central to wealth creation and economic growth (Bordogha, 1997). 
Engineers must be enablers to wealth creation rather than simply 
be a com m odity on the global market (ABET, 2002) to sustain a 
competitive advantage o f  any nation.
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As India moves forward w ith  the am bition o f  becom ing a 
‘developed country’, it is crucial to recognize that an economically 
strong  India can em erge on ly  i f  it can create  co m p etitiv e  
technologies and use them  to produce wealth. Availability o f 
engineere, technologists and scientists is a prerequisite for this to 
happen. In the wake o f a quantum  jum p  in technologies with 
global connectivity , coupled  w ith  the new  liberalized socio­
econom ic revival, the  quality  o f  ed u catio n  p rovided  at the 
undergraduate level is o f  param ount im portance to the Indian 
economy. This paper identifies the current status o f  engineering 
education in India, the current practices o f  accreditation and their 
limitations, and proposes an outcom e based quality measurement 
system that attempts to reduce the gap between the needs o f  the 
industry  and the com petencies o f  students graduating  from  
undergraduate engineering programmes.
2. STATUS OF ENG INEERING  EDUCATIO N IN INDIA
T he growth o f engineering colleges is shown in the figure 1. As 
can be seen from the figure, the rate o f  growth o f  engineering 









Figure 1. Growth o f  Undergraduate Engineering Colleges in India
liberalization. As o f 2005 India has 1346 degree-level engineering 
institutions with a student intake o f nearly 450,000. O u t o f these 
1346 approved engineering  colleges, 1116 fall under the self- 
financing category {http://wuw.aicte.ernet.in). Institutions providing 
undergraduate engineering education in India can be classified 
as follows.
Indian Institutes of Technology (IIT): IITs are country’s topmost 
institutions for engineering education. At present, India has seven 
IITs located in N ew  Delhi, Mumbai, Kanpur, Kharagpur, Chennai, 
Guwahati and Roorkee. Student enrolm ent at these institutes at 
undergraduate level is limited to about 4000.
National Institutes of Technology (N IT) and Regional Engineering 
Colleges (RECy. Seventeen R EC s were established in various States 
as jo in t  and co o p e ra tiv e  e n te rp rise s  o f  C en tra l and S tate 
Governm ent. O u t o f seventeen R EC s, fifteen R EC s have been 
upgraded to NITs and made deemed universities with direct and 
enhanced funding from Central Governm ent to provide world- 
class infrastructure and faculty.
State Government Colleges and University Departments: There is a 
large network o f engineering colleges established and administered 
by State Governments and Universities. Some o f them  are more 
than  a cen tu ry  old and have been  p ioneers in en g in ee rin g  
education in the country.
Aided Colleges:These colleges are managed by Private Education 
Societies. They take up the responsibility o f providing capital assets 
like land, buildings, etc. G overnm ent provides salary and other 
working expenses to these colleges. These institutes are affiliated 
to one o f the universities in the state.
Selffinancing Institutions: Self-financing engineering colleges 
have grow n at a very fast pace du rin g  the last decade. These 
institutions start with the approval o f the AICTE and get affiliated 
to one o f the Universities (usually a technical university established 
by the concerned State Government) in the state.
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Some features o f  the current engineering education in India are
■ S tudent intake in to  eng ineering  program m es is m ore than
450,000
■ M ajority o f (more than 80%) o f  engineering graduates come 
from private institutions
■ N early  600 self-fm ancing  in stitu tio n s  com e u n d e r th ree  
universities.
■ A IC TE is the statutory body, established for proper planning 
and coordinated developm ent o f  technical education system 
throughout the country.
There are several problems associated w^ith the large technological
universities, and they have a d irect im pact on  the quality o f
learning.
■ T here  is no  academ ic au tonom y at the  levels o f  teacher, 
departm ent and colleges. As any changes have to acceptable to 
m ore than hundred institutions, the tendency is to settle for 
the lowest com m on denominator.
■ T here is excessive concentration  o f  pow er at the university 
headquarters. This leads to autocratic decisions or inadequate 
attention to many issues.
■ Admissions, examinations, and administration take m ore time 
than time for learning.
■ M any  acad em ic  p rocesses in c lu d in g  ex a m in a tio n s  and  
evaluations get designed to m eet the needs o f lowest quality 
students.
■ The current practices o f evaluation o f large num ber o f answer 
scripts lead to forcing the students to answer questions in a 
prescribed manner, and in fact penalize the good students who 
are creative.
■ M ore time and effort goes into preventing malpractices and 
re sp o n d in g  to  re v a lu a tio n s , ra th e r  th an  in to  q u a lity  
im provem ent
118 SCIENCE, TECHNOLOGY & SOCIETY
Many problems got created because o f the fast growth o f  these
institutions
■ Too m any institu tions are in  th e ir early phases o f  getting  
established, and many university related processes get designed 
to m eet their requirements.
■ T he num ber o f  qualified faculty is woefully inadequate. In fact 
many programmes run  w ith  30 to 40% less faculty than the 
prescribed strength.
■ T h e  re la tionships am ong  the g overnm en t, un iversity  and 
managements o f  private institutions become unhealthy because 
o f  many factors including political. T he admission processes 
take politico-legal hues every year, and the casualty is always 
the time available for learning.
There are additional problems created by the nature o f  growth o f
industry, w hich is the prim ary user o f  the engineering graduates.
■ M a jo rity  o f  th e  jo b s  are in  th e  IT  sec to r, th o u g h  th e  
req u irem en ts  fo r en g in eers  in  o th e r  sectors have started  
increasing in the recent past. As majority o f  IT  related jobs do 
no t need knowledge from engineering domains, the students 
really will have no strong motivation to learn their engineering 
subjects.
■ As the IT  sector grows at more than 20%, the need for engineers 
into this sector is very high. This leads to fast increasing entry 
level salaries, and that makes the teaching positions unattractive. 
It becomes difficult to attract even average level graduates into 
teaching positions, w hich to begin with are not very attractive.
■ An average graduate has possibly four jobs waiting for him  
after graduation, and this does not encourage his juniors to put 
in effort to learn his engineering well.
■ There is a huge mismatch between the programmes offered at 
th e  co lleges and  needs o f  th e  large scale em ployers o f  
engineering graduates. O n  top o f  this there has always been 
very  little  in te ra c tio n  b e tw een  in d u stry  and en g in ee rin g  
colleges.
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■ Preparation for good placements and perform ing well in the 
examinations appear, at least in view o f  teachers and students, 
to be m ore and more incompatible w ith learning engineering 
subjects well.
3. ACCREDITATION OF ENG INEERING  PROGRAM M ES IN  
INDIA
National Board o f Accreditation (NBA) is charged w ith the task 
o f evolving a procedure for assessment o f quality in the technical 
education sector in  India on the basis o f  specified guidelines, 
norm s, benchm arks and criteria. NBA aims to  recognize and 
acknowledge the value addition in transforming the admitted raw 
studen t in to  a capable eng ineer having sound know ledge o f  
fundamentals and acceptable level o f  professional and personal 
com petence for ready employability in responsible engineering 
assignments (Manual for NBA Accreditation, 2000).
NBA has defined criteria and standards by which the strengths 
and weaknesses o f  individual program m es in  an eng ineering  
institution can be judged. These are classified into three indices, 
eight criteria and seventy variables that measure the different 
aspects o f  a programme.
1. Organizational /  Infrastructure Performance Indices
Criterion 1: Mission, Goals and Organization — 12 variables 
Criterion 2: Financial & Physical Resources and their Utilization 
- 1 2  variables)
2. Academic Performance Indices
Criterion 3: Human Resources (Faculty & Staff) -  13 variables 
Criterion 4: Human Resources (Students) -  8 variables 
Criterion 5: Teaching — Learning Processes — 10 variables 
Criterion 6: Supplementary Processes - 5 variables
3. Industry — Interaction Indices:
Criterion 1: Industry — Institution Interaction — 7 variables 
Criterion 8: Research & Development activities — 3 variables
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NBA introduced first set o f changes w ith effect from 1-1-2003 
(M anual for N BA  A ccreditation, 2003), and the second set o f  
changes w ith  effec t fro m  1 -1 -2 0 0 4  (R ev ised  M an u a l fo r 
Accreditation, 2004). Some additional changes have been made 
to the scoring sheets o f  NBA in 2005. Comparisons o f  the three 
systems o f assessment are presented in tables 3.1 to 3.5. The grading 
system has changed firom ‘A, B, and C ’ classification to ‘Accredited 
for 5 years and 3 years’ in  the 2003 revision. T he m inim um  
requirem ent for accreditation has increased from 550 points to 
650 points in this revision (Table 3.2). M inim um  standards (50%) 
for the 3 critical criteria -  H R  -Faculty, H R - Students and Teaching 
Learning Process are in troduced in the second revision (Table 
3.27). Total num ber o f  variables to be assessed is reduced fi-om 70 
to 57 in this revision (Table 3.3). M ore w eight is given to the 
institute level performance than the departm ent level performance 
(Table 3.4) in  the new  accreditation process. W hile  the total 
num ber o f  criteria has been kept at eight and the total weight at 
1000, the names and weights o f individual criteria are modified 
in this latest revision (Table 3.5).
Table 3.1: Revisions o f  NBA accreditation processes -  Grading system
Accreditation System Total Points (Out of1000)
<550 550-650 650-750









for 3 yrs for 5 yrs
Accredited Accredited 
for 3 yrs for 5 yrs
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Table 3.2: Revisions o f  N BA  accreditation processes -  Minimum  
requirements for getting Accreditation
Accreditation System Total Points required
Earlier System 550
Modified from 1 -1 -2003 650
Modified fi-om 1-1 -2004 650




80 for HR-Faculty 
50 for HR-Students 
175 for Teaching- 
Learning Process
Table 3.3: Revisions o f  NBA  accreditation processes - 
Total numbers o f  variables to be assessed
Accreditation System 
Earlier System 
Modified firom 1-1-2003 
Modified from 1-1-2004




Table 3.4: Revisions o f  NBA  accreditation processes - 
Split up o f  points among Institute and Department
Accreditation System Inst. Level Dept. Level
Earlier System 171 352
Modified from 1-1-03 171 352
Modified from 1-1-04 249 325
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A detailed ‘principal com ponent analysis’ and ‘factor analysis’ 
o f  200 cases p rio r to 2004, and 78 cases after 2004 indicates 
(Viswanthan, 2006) the following.
1. NBA followed an elaborate process by assessing 70 variables 
o f  a programme for deciding the accreditation status prior to 
2004, bu t the final decision appears to depend only on the 
perception o f  evaluators o f  the overall perform ance o f  the 
programme. All the criteria scores are significantly different 
for the ‘Accredited’ and ‘N ot-A ccredited’ programmes. Hence, 
all o f  the criteria had the discriminatory power in segregating 
betw een the ‘Accredited’ and ‘N ot-A ccredited’ programmes.
2. T h e  aw ard o f  accred ita tion  status based only on  a single 
sum m ated score does no t seem to be a good practice as it 
gives a provision to compensate the weaknesses in some critical 
areas w ith the surplus in some non-critical areas.
3. T he revisions in 2004 indicate a positive shift o f  assessment 
firom resource perspective to process perspective. An attem pt 
to reduce subjectivity fi-om the process is visible.
4. T h e  basic weakness o f  b o th  N BA  processes is the lack o f  
outcom e orientation.
5. T he distance between the performance variables and the proxy 
variables used for actual m easurem ent and the inability to 
account for the interdependence o f  variables are significant.
6. N B A  processes can be fu r th e r  im proved  th ro u g h  som e 
m odifications to  the  present score sheet o f  N B A  and by 
modifying the weights given to different criteria.
7. T he major limitations require a restructuring o f NBA criteria 
and variables and the developm ent o f  a new  questionnaire 
for data collection.
T h e  results o f  detailed statistical analysis indicate clearly it is 
necessary to design a quality assessment system that is m uch more 
outcomes oriented and uses measurements that are more objective.
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4. FUNDAM ENTAL ISSUES TO  BE ADDRESSED
An undergraduate programme is conducted in a given context to 
m eet certain identified needs o f  the society. There are a num ber 
o f  stakeholders for engineering education w ho include students, 
parents, teachers, support-staff, and m anagem ents o f  colleges, 
industry, and governments. W hile the interests and concerns o f 
all the stakeholders are not exacdy contrary, they are not in desired 
alignment either. M uch o f this misalignment is a consequence o f 
not adequately articulating what constitutes engineering education 
in  a continuously  changing con tex t. In the absence o f  such 
docum ents created by the regulatory bodies like A IC TE, every 
stakeholder is free to  define im plicitly or explicitly all aspects 
(program m e outcom es, how  curricu lum  to be designed, w hat 
co n stitu te s  go o d  en g in ee rin g , m easures o f  quality  etc.) o f  
engineering. This com bined w ith a fast changing economic and 
consequent social scenario, and the creation o f  large technological 
universities leads to  a very unsatisfactory state, in which the present 
engineering education is.
In the opinion o f the author, the problem starts w ith the very 
w ord ‘eng ineering’. T he spectrum  o f  definitions (collected by 
the author from hundreds o f  engineering students, teachers and 
practitioners) indicates that there is not even a reasonably com m on 
understanding o f the term. W hile there are dozens o f  definitions 
o f  the word ‘engineering’, majority o f them  are similar, each one 
emphasizing some specific aspects o f  engineering. A regulatory 
body like AICTE should arrive at an operative definition o f  the 
word, and com m unicate strongly to  all the stakeholders. Some 
operative definitions o f  “engineering” are given in the Appendix.
Any curriculum  should be designed to make the graduates o f  
the programme to perform  well in the roles they are assigned to. 
T he roles engineers are likely to  play during the first five years 
after their graduation include Product Design and Development, 
P ro d u c t E n g in ee rin g , C u sto m  E n g in ee rin g , M anufac tu ring , 
Installation and Com m issioning, and O peration /M ain tenance . 
O th e r  roles eng ineers are likely to  get in to , how ever, after
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additional form al education, include E ducation  and Training, 
M arketing/Sales, M anagem ent, Entrepreneurship, D evelopm ent 
o f  Technology and Systems, and Research in Engineering Science. 
T he numbers indicate that 90% o f  engineering graduates opt for 
the first category o f  jobs. Unfortunately all the programmes are 
designed implicitly, for a variety o f  reasons, to train them  for careers 
in D evelopm ent o f  Technology and Systems, and R esearch in 
E ng ineering  Sciences. This is n o t an issue that admits simple 
com prom ise or resolution. W ith  a large percentage o f  students 
not motivated for these two roles, it leads to indifference and lack 
o f  motivation to the courses offered. This issue can technically be 
resolved through providing streams and electives. But it requires 
an extensive debate.
Any accreditation process requires references against w hich 
the inputs, processes, and outcomes can be compared. T he present 
N B A  process identifies such references w ith  respect to  only a 
small num ber o f items like faculty-student ratio, classroom sizes, 
transportation, books in the library, and hostels. All other variables 
are left for subjective evaluation.
T he m ost im portant reference ought to be the statem ent o f  
“programme objectives” w hich reflect the needs o f  the nation at 
any given point o f  time. A survey o f  “programme objectives” o f  
d ifferen t coun tries dem onstrates the  m anner in  w h ich  th e ir 
national priorities are incorporated. U nfortunately, there is no 
statement o f  programme objectives by AICTE. Consequently, the 
Boards o f  Studies o f  engineering programmes have no obligations 
or references to be met. O ne suggested list o f  programme objectives 
is given in the Appendix.
5. M EASUREM ENT OF QUALITY OF ENG INEERING  
ED UCATIO N
W hile  inputs and processes are essential com ponen ts o f  any 
p rog ram m e, th e  o u tcom es th a t resu lt from  th e ir  successful 
u tiliza tion  are m uch  m ore im p o rtan t. M any innovations are 
possible and norm ally do happen to  overcom e deficiencies in
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some resources or processes, if  there is clarity and concurrence 
w ith regard to the expected outcomes. Every stakeholder will be 
able to understand the impact o f  any o f  h is/her or others’ actions 
on the outcom es. Besides, the m ost effective m anner in w hich 
the nature and quality o f  a program m e can be in fluenced is 
through redefining its outcom es. In the opinion o f  the author, 
com petencies o f  the graduating students should constitute the 
main outcom es o f  a programme.
As per U N ID O  competency is ‘a set o f  skills, related knowledge 
and attributes that allow an individual to perform  a task or an 
activity w ith in  a specific function  o r jo b ’. In the con tex t o f  
education, ‘com petency’ is the ability o f  a student that enables 
him  to accomplish tasks adequately, to find solutions and to realize 
them  in w ork situations. C om petencies consist o f  com ponents 
that are trainable (knowledge, skills) and com ponents that are 
m ore difficult to alter (attitudes, beliefs). Com petencies can be 
c a te g o r iz e d  in to  ‘’m a n a g e ria l’, ‘g e n e r ic ’ an d  ‘te c h n ic a l’. 
C o m p e te n c ie s  are c h a ra c te r iz e d  by ‘C o m p e te n c y  T i t le ’, 
‘D efin ition’, ‘K now ledge R equ irem ents’, ‘List o f  com petencies 
at different levels’, ‘M ethods’ and ‘Tools’.
Competencies serve as the basis for interaction w ith  the industry 
w h o  is th e  m ain  co n su m er o f  th e  o u tp u t o f  th e  colleges. 
Competencies should, therefore, constitute the basis for designing 
curriculum , creating streams in a programme, and differentiating 
the programmes.
W hile competencies can be treated as the main outcomes o f  a 
program me, they are the results o f  very long teaching learning 
processes, and com plex interrelationships am ong and decision 
making by all the stakeholders. Any quality measurement system 
should, therefore, be designed in  such a m anner that all the 
stakeholders should be able to relate to its components on a day- 
to-day basis. Besides, the measurements should no t involve very 
complex and time consuming processes, and should enable regular 
review  and enhancem ent activities. T h e  quality m easurem ent 
should be done in  a layered m anner as different measurements
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can be done at different time intervals and different stakeholders 
influence different variables. These layers can be identified as
■ Student-teacher interaction
■ D epartm ent that determines the curriculum, provides facilities, 
schedules, creates an ambiance that impacts the m otivation o f 
students, teachers and support staff, creates and manages alumni 
network, and determines the industry-departm ent interaction 
that has influence on placements, projects undertaken, and 
m otivation o f  students and teachers.
■ Institution that provides effective interface w ith  the outside 
world for students and teachers, creates systems and processes 
for conducting  all its academ ic activities, facilitates good 
placem ents, creates and manages effective in teraction  w ith  
industries and alumni.
• University to which the institution is affiliated.
■ G overnm ent and other regulatory bodies
S tudent-T eacher In teraction : This has the greatest and direct 
influence on the levels o f  competencies achieved by the students. 
This is the level at w hich there is scope for endless num ber o f  
innovations and also possibilities for failures and frustrations. For 
this interaction to  be effective, it should be autonom ous, have 
checks and balances, have adequate resources, and operate in a 
nurturing environment. T he com petency o f  a student in a given 
domain is a function o f
■ the grade obtained by the student
■ quality o f  testing
■ quality o f evaluation
■ the quality o f  syllabus o f  the course
■ T he grade obtained by a student depends on
■ quality o f  instruction
■ com petencies in the prerequisites
■ ability to learn
■ willingness to learn
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T he causal relationships am ong these variables can be captured 
diagrammatically as shown in the figure 2.
Grade (2 ,8 )
Willingness to  
Leam (2 ,8 )
Quality of 
Instruction (2 ,8 )
Quality of 
Tests (2 ,8 )
Quality of 
Evaluation (2 ,8 )
C l(2 ,8 )
Quality of Learning 
O bjectives(2 ,8)
Figure 2. Competency as determined by teacher-student interaction
However, the first semester courses need m inor modifications to 
these causal relationships as shown in the figure 3.
PUC Marks 
CET Rank
Willingness to  
Learn ( i , l )
Quality of 
Instruction (1,1)
Grade ( i , l )
Quality of 




Quality of Le arn ing  
Objectivas 'i, 1)
Figure 3. C om petency  as d e te rm ined  -s tuden t in teraction  in
the C'-st vc.n
It is necessary to  develop instrum ents to  m easure all these 
variables and adm inister them  durin g  and at the end  o f  the 
semester. Once the process is set in m otion, the overhead involved 
in continuous measurement o f quality is not significant. T he very 
m ethod o f measurement and the scores received by the students 
and teachers will act as direct feedbacks. W hen it is implemented 
all th e  necessary  d o c u m e n ta tio n  w o u ld  au to m atica lly  get 
generated, w hich w ould also serve the purpose o f  accreditation 
eminently.
6. CONCLUSIONS
Engineers are the initiators, facihtators, and implementers o f  the 
technological developm ent o f  a nation. T h e  way eng ineering  
education is conducted is important to the future o f  the nation. 
Com petencies o f  the graduating students constitute the basis o f 
their placement. A thorough introspection by all the stakeholders 
is necessary to identify the outcomes o f  engineering programmes 
unambiguously. An outcom e based accreditation process should 
be put in place. A ICTE should play a key role in facilitating these 
processes.
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APPENDIX: SOME OPERj\TIVE DEHNITIONS OF 
ENGINEERING
E n g in e e r in g  m ay be d efin e d  as “ a p p lic a tio n  o f  o b jec tiv e  
knowledge to the creation plans, designs and means for m eeting 
the needs o f  people and society at large” . T h e  m ain task o f 
engineering is to  find and deliver optimal solutions to  real life 
technical problem s, w ith in  the given m aterial, technological, 
econom ic, social and env ironm enta l constrain ts th ro u g h  the 
application o f  available objective knowledge.
A B E T  definition of Engineering
“The profession in which a knowledge o f  the mathematical and 
natural sciences gained by study, experience, and practice is applied 
w ith  ju d g m en t to  develop ways to  utilize, econom ically, the 
materials and forces o f nature for the benefit o f  m ankind”
J. A. L.WaddeU, Frank W. Skinner, Wessman (1933): Engineering 
is the science and art o f  efficient dealing w ith materials and forces 
. . .  it involves the most economic design and execution . . .  assuring, 
w hen properly perform ed, the most advantageous com bination 
o f  accuracy, safety, durability, speed, simplicity, efficiency, and 
econom y possible for the conditions o f design and service.
Proposed list of Programme Outcomes
a) An ability to apply knowledge o f  mathematics, science and 
engineering to design a system, com ponent or process to meet 
social needs.
b) An ability to design and conduct experiments and to analyze 
and interpret data and outcomes.
c) An abihty to identify, formulate, model, and optimally solve 
e n g in e e r in g  p ro b lem s u sin g  re le v an t te c h n iq u e s  and  
engineering tools.
d) An ability to communicate effectively in both  oral and w ritten 
forms.
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e) An ability to understand the social, environmental, economic, 
and ethical impact o f  engineering activities
f) A n ability  to  carry  on  learn ing  on  an in d ep en d en t and 
sustainable basis.
g) An ability to function on teams.
h) An ability to im plem ent and organize eng ineering  works 
systematically under given constraints.
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The Technological Challenge 
in Health Care
M  S V A L IA T H A N
After listening to the two brilliant presentations on Atomic Energy 
and Space, I wondered why health and education could not claim 
similar achievements. Health and Education are afterall the sum 
total o f  hum an resource development; yet their perform ance in 
free India is a study in contrast w ith Atomic Energy and Space. 
This is a cause for great concern.
In coming to my subject w hich centres on health, it is evident 
that its opposite is disease and suffering which are the unfailing 
companions o f  every society — humans, animals, and plants. Even 
gods were not spared because the divine physicians — Ashwins — 
were kept busy all the time! T he aim o f  healthcare, o f  w hich 
medical science is the foundation, is to provide relief if  no t cure. 
If  there is no disease and no suffering, health care would be hardly 
needed. H ow  have we in  India done in providing health care 
since independence? In trying to answer this question, I would 
be d raw in g  u p o n  th e  observa tions o f  th e  C o m m issio n  on  
M acroeconomics and Health which submitted an important report 
to the Govt, o f  India in 2005. To begin with, life expectancy which 
was 32 in 1947 has gone up to 66; infant mortality rate which used 
to be 150 has dropped to 70; small pox and guinea w orm  have 
been eliminated; malaria has been contained; and half a million 
deaths from TB have been prevented by implementing the ‘direcdy 
observed treatm ent’. Tertiary care is available in all the major cities 
and even in smaller towns. Fifty years ago. General Hospitals used 
to  have large ‘fever w ards’ w hich  w ere always crow ded w ith
patients, most o f  w hom  suffering from typhoid fever. I can recall 
those ‘unhappy far-off’ days w hen the mortality in the fever wards 
used to average 30%. A nother m ajor killer was labor pneumonia. 
Today a medical student hardly sees such patients because typhoid 
fever and pneum onia are easily treated and often not admitted to 
hospitals. T here has been a revolutionary change for the better. 
This must be acknowledged.
But the bad news is that we have a list o f  failures to mar the 
array o f  achievem ents. For example, m alnu trition , infant and 
maternal deaths have stagnated since 1990 even though some states 
like Kerala and Tamilnadu have done better and scored above the 
national average. Life expectancy, infant and under—5 mortality in 
India are worse than those o f  Bangladesh. Pakistan eradicated 
small box, guinea w orm  and polio ahead o f us. According to the 
W H O , India has 16.5% o f  the global population but contributes 
20% o f the disease burden o f  the world. Com pounding all this is 
poverty which has a demonstrable effect on diseases which take a 
virulent form  in undernourished persons especially w om en and 
children. In the absence o f  a social insurance scheme, people are 
com pelled to incur out-of-pocket expenditure for medical care 
w ith  the result that 3.3% o f  India’s population are driven into 
bankruptcy every year. T he poorest 10% sell their land and assets 
to m eet the cost o f  treatment. The Swaminathan Commission on 
farmers noted that 30% suicides am ong farmers occurred because 
they had been driven in to  bankruptcy by the cost o f  m edical 
treatment o f family members. Poverty aggravates iUness w hich in 
tu rn  drives people into penury. This is the vicious cycle w hich 
characterises the life o f  millions o f  Indians. T he C om m ission’s 
report has given disturbing forecasts as well. W hile communicable 
diseases, especially w ater-borne, will continue to decline, H IV / 
AID S will rise to  three times the present level: tuberculosis, 
claiming 8.5 million, will increase in association w ith HIV/AIDS; 
prenatal and child mortality may not decline; lastly, the millennium 
goals in health set for 2015 may not be achieved on time. This is 
not all.
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H um an society goes through w hat is know n as epidemiological 
transition in the evolution o f  public health. T he pre-transition 
phase is characterised by short life expectancy, epidemics and the 
high prevalence o f  communicable diseases. As nutrition, sanitation 
and housing improve and life expectancy rises, com m unicable 
diseases fade away and noncom m unicable diseases such as heart 
disease and cancer becom e the m ajor killers. India has entered 
the post-transition  phase bu t com m unicable diseases have not 
disappeared. We have therefore the double burden o f  pretransition 
and post transition diseases. It is reported that cancer incidence 
will increase 25% and mental health problems affecting 6.5% o f 
the population wiU increase further due to rapid changes in the 
socio-economic domain. T he Kerala experience is a case in point. 
Kerala’s health  indices are com parable to  those o f  developed 
countries and have been hailed in India and abroad. But Kerala’s 
suicide rate is three times that o f  the national average. Obviously 
high scores in public health do no t necessarily m ean that the 
society  consists o f  happy p eop le  o r they  are at peace w ith  
themselves.
In the development o f  health case programmes, many different 
groups are involved and their contributions are as im portant as 
they are not interchangeable. Consider the following list:
Physicians
Physicians represent the frontline, w ho are charged w ith  the 
care o f  patients and responsible for carrying out procedures for 
diagnosis, trea tm ent and prophylaxis. T here  is no  health  care 
programme where the physician does not play a vital role.
Scientists:
Scientists are called upon  to identify the cause o f  diseases; 
investigate the reemergence o f old diseases or emergence o f new 
ones; find remedies and prophylaxis for ailments and many other 
tasks, w hich call for contributions from biology, pharmacology,
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chem istry , im m unology , b io m ed ica l en g in e e rin g  and  o th e r 
disciplines.
Sociologists:
How do the health care policies and programmes impact on the 
society? T he progress in  health care expenditure or laboratory 
tests may fail to tell the w hole story. I would give an example. 
R heum atic heart disease is com m on in India especially am ong 
wom en and the poor. W hen the disease damages the mitral valve 
and narrow s its orifice, the valve is opened  surgically by an 
operation called mitral valvotomy. T he operation is straightforward 
and gives good relief to patients w ho are able to live norm al lives 
again. Thanks to echocardiography, one can measure the orifice 
size o f  the valve before and after the operation and make sure 
that the valve was opened satisfactorily. Suppose a wom an whose 
valve was opened satisfactorily according to echocardiography is 
found by a social worker to be sitting at hom e and not allowed to 
w ork  because she is a ‘heart p a tien t’; to  be tu rn ed  dow n by 
prospective bridegroom s or abandoned by the husbands: should 
that be called a successful operation? Societal audit is im portant 
in many other situations too.
Technologists:
The role o f technologists will be dealt wdth later in detail as that 
is the burden o f  my lecture.
Managers and administrators:
It is not often appreciated that poor m anagement is responsible 
for many o f our failures in the health sector. W hat do you make o f 
a State w ith  a population o f 30 m illion presiding over 45000 
employees and 1500 vehicles in its Directorate o f Health Services, 
spending several hundred crores a year and witnessing the decay 
o f its Taluk and District Hospitals which are thoroughly unfit to
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take care o f  patients? T he severe mismatch betw een inputs and 
outputs is obviously caused by skewed m anagem ent w hich can 
and should be rectified. T he large investments made by the state 
in the health care system will not give satisfactory returns unless 
good managers and administrators are inducted and empowered 
to bring about reforms.
Politicians:
Pohticians decide ultimately on how m uch to invest in the health 
sector. It is well know n that the allocation for health in India 
dechned after the Third Plan, and currently averages less than 1% 
o f  GDP, which is less than that o f  several countries in sub-Saharan 
Africa. M oreover health is a state subject in India and national 
policies are im plemented by states which vary widely in efficiency 
and com m itm ent. This is reflected in the sharp geographical 
disparities in health am ong the different states in India.
Industry:
T he CII estimates that the Indian health sector as a whole would 
am ount to  100,000 crores a year in five years. This is a m ind 
boggling sum and indicates the significant role o f  the health sector 
in  the  national econom y. T h e  m ajor role o f  industry  in  the 
manufacture o f  goods and equipm ent, operation o f  services and 
so on in the health sector is self-evident.
I have listed the im portant stake holders in our health sector 
but shall confine my discussion to  technology for health care before 
this audience. Technology is a basket term  which means all things 
to aU men. To illustrate its role in transforming health care, I will 
give a specific example. Coronary artery disease was not a com m on 
m edical p ro b lem  in  1956 w h en  I qualified  as a d o c to r  in 
Trivandrum. If  a patient w ith efibrt angina came to our hospital 
we would then take a carefial history, do a ‘physical’ and carry out 
routine laboratory examination o f  blood and urine. This would 
be followed by chest x-ray and electrocardiogram. H e would then
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be treated w ith nitrates for angina and digitalis for signs o f  cardiac 
failure. H e would also receive plenty o f  advice on ‘taking it easy’. 
This was all we could do in those far-off days and the patients 
expected little else. W hat is the situation today? History and physical 
would o f  course be done as before bu t they w ould be followed 
by a battery o f  biochem ical tests in  a m ulti-channel analysers. 
Two d im ensional echocard iog raphy  w o u ld  dem onstra te  the 
patient’s heart chambers, valve m otion, wall thickness and other 
features; a stress test w ith  thallium  is a must and, if  positive for 
ischaemic changes, w ould be followed by coronary angiography 
and, nowadays, 64 -  slice C T  w ith digital subtraction angiography. 
If aU these tests show significant narrowing o f  the coronary arteries, 
a balloon angioplasty would be done in suitable cases and coronary 
artery bypass in others on or off a heart-lung machine. If  he has 
chest pain and the coronary arteries are unsuitable for balloon 
angioplasty or bypass, he could benefit from Tran myocardial laser 
revascularization -  a procedure pioneered by P ro f Sen. o f  M umbai 
many years ago as ‘snake heart operation’. Finally, if  the heart 
muscle is largely replaced by scar tissue as a result o f  repeated 
‘heart attacks’ and the patient has ‘end-stage heart disease’, a heart 
transplant would be recommended. T he management o f coronary 
artery disease was revolutionised in 50 years and the changes were 
in v ariab ly  b ro u g h t a b o u t by advances in  tech n o lo g y . For 
convenience, technology in  the  healthcare can be grouped  as 
follows;
* Instruments (analytical, electro-physiological, optical,
and imaging for diagnosis; Lasers, linear 
accelerators, lithotripter etc. for treatment)
* Devices (Disposables and Implants; Prosthetics
such as dentures and limb Prostheses).
* Biotechnology products - Diagnostics (HIV kit)
Therapeutics (human insulin)
Vaccine (HIV vaccine under trial) 
T issue-engineered organs (under 
development)
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* Space technology and IT - Telemedicine
Computerised Medical records
V R  in medical and allied health training
* Nanotechnology - Nanowires, cantilevers used as probes in
biological systems for molecular imaging
Nanoparticles for drug delivery
T he groups above demonstrate clearly that virtually every branch 
o f  science and technology has contributed to the advancement o f  
health care. Technologies are needed at all levels o f  health care -  
primary, secondary and tertiary  -  b u t the level o f  com plexity 
increases progressively from the prim ary to the tertiary level. A 
therm om eter, disposable glove o r syringe w ould be needed at 
the primary health centre whereas a C T  or M R I would be called 
for in the tertiary referral Centre. T he m arket for the range o f 
technologies for healthcare in India is estimated to be 1.3 biUion 
US dollars against 79 billion in  the US; and 2.5 in China. In terms 
o f  per capita use o f  medical technology, the figure for India is US 
dollar 1 against 47 for Singapore, 16 for Brazil and 79 for Israel.
W hat is noteworthy is that while India imports 45% o f  the total 
requirem ent for medical technologies, the percentage rises to 95% 
in the high technology segment. India’s manufacture is confined 
largely to low end items such as gloves, syringes and so on. There 
is hardly any export o f  high end technologies. So long as this state 
o f  affairs continues, there is little hope that the benefits o f  m odern 
m edicine will reach the com m on m an because the high im port 
content o f  medical care will make it too expensive. In view o f  the 
gravity o f  the problem , the Indian N ational Science Academy 
appointed a Com m ittee under Dr. Sikka’s chairmanship to study 
the status o f  instrumentation in India as the dependence on  im port 
is not confined to medical instrumentation. T he Sikka Com m ittee 
found that India’s innovation record in instrumentation is poor as 
indicated by the figures for patents -  3 US patents for India in 
2003 against 5000 for US and 900 for Japan. India published no 
m ore than 32 papers in 2000-2003 in the R eview  o f  Scientific 
Instrum ents, w hich again points to the lack o f  interest in the
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deve lopm en t o f  in strum en ts. A part from  this, the  excellen t 
experience o f  Space, DAE and D R D O  has had little impact on 
energising the instrumentation industry in India. In listing other 
inh ib iting  factors, the C om m ittee  no ted  the poor in teraction 
between academic and industry and the back o f a global vision in 
industry. Industry felt that Indian scientists tended to develop non­
patented instruments by reverse engineering w hich was o f  little 
interest to  them , Indian R & D  took too  long and the Indian 
p ro d u c t was n o t u se r-fr ie n d ly . F u r th e rm o re , th e re  is no  
com ponen t industry w ith  the result that spare parts m ust be 
im ported and in the absence o f spare parts, m ajor equipm ent is 
shut dow n for long periods. W h en  instrum ent prototypes are 
d ev e lo p e d  by  M .T ech . can d id a te s , th ey  se ld o m  u n d e rg o  
validation, acquire IP R  or enter commercial production.
Since India became a signatory o f  W TO , M N C s can set up 
R & D  laboratories and wholly owned subsidiaries in India w ithout 
Indian partners. T heir target is the middle class o f  India -  estimated 
at 200 million - w ho can afford to purchase m odern health care, 
which is an attractive market for them  but which leaves out the 
b u lk  o f  th e  In d ian  p o p u la tio n . M N C s are rep re sen te d  in  
developing countries by sales agents and as many o f  us have found 
to our cost, their after sales service is poor. Besides they raise the 
price o f  equipm ent by 70% for sale in the developing countries 
as noted in an editorial in N ature two o r three years ago. They 
have little interest in the transfer o f  technology as they have freedom 
o f operation after W TA  came into effect. W hen  M N C s set up 
R & D  laboratories and employ hundreds o f  Indian PhDs, the IPRs 
arising from their labour belong to the company, and do not add 
to  the  indigenous know ledge capital. I f  things go on in  this 
m anner and advanced health care becomes available to  a small 
percentage o f  Indians and the rest are denied the benefits, the 
consequence will be a disastrous polarisation in our society. T he 
warnings are audible w ith the rise o f  popular sentim ent against 
‘five star hospitals’.
T he Sikka C om m ittee recom m ended several measures in an
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effort to  rem edy the  grave, if  n o t hopeless, situation . T hese 
included the m andatory participation o f  academia and industry 
in all R & D  projects on instrumentation; technology parks in close 
proxim ity to  R & D  institutions; n o t insisting on large up-front 
payment and rigid conditions which a nascent industry can hardly 
hope to  meet; setting up an instrum entation developm ent fund 
to prom ote the exhibition o f  Indian instruments abroad; tax credits 
to industry w hich exploit Indian innovations successfully; creating 
a website w ith a national data base on scientists and technologists 
w ith their area o f expertise for the benefit o f  industry; organizing 
com ponen t and subsystem parks in  collaboration w ith  M N C s 
and so on. M ost importandy, the Sikka C om m ittee recom m ended 
a mission m ode approach to produce medical instruments on the 
m odel o f  the auto parts Mission o f the Governm ent because o f its 
enorm ous social im portance, sharp focus and a m arket o f  over 
Rs.6000 crores a year. T he Mission m ode is essential to cut across 
the barriers betw een  M inistries, States, private sector and, if  
necessary, even M NCs. There is no reason why the Mission should 
n o t succeed globally and give India a leadership position is at 
least o n e  b ra n ch  o f  in s tru m e n ta t io n  -  an a ly tica l, 
electrophysiological, optical etc.
W hile  R & D  and p ro d u c tio n  are the jo b  o f  the scientists, 
technologists and industry, regulation is the responsibility o f the 
G overnm ent. H ere the G overnm ent dithered  for tw o decades 
w hen India had no legislation to cover medical instruments and 
devices. W hen faced w ith the approval o f  marketing for a blood 
bag and other devices including implants, the practice o f  the Health 
M inistry was to refer them  to the D rug C ontroller General o f  
India even through D C G Is office has no expertise whatsoever to 
evaluate instrum en ts and  devices w h ich  involve electronics, 
com puter science, m aterial science and biomedical engineering. 
After twenty years and several Committees later, the Government 
have notified a Indian M edical Devices R egu lato ry  A uthority  
(IM DRA) w hich will apparendy fiinction under the DG H S and 
regulate the medical application o f instruments and devices. The
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notification does not have the authority o f  a legislation w hich is 
still pending.
I have talked about technology w hich represents one wheel o f  
the chariot o f  medicine. T he other wheel is compassion which is 
another subject, for another day.
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Programmes for students and teachers -  the 
Science Education initiatives of Indian 
Academy of Sciences
N  M U K U N D A
1) M y sincere thanks to  Prof. B V Sreekantan, D r K Kasturirangan 
and Prof. Bhuvan C handel for inviting me to  speak at this 
National Seminar. I will present some ideas and describe some 
efforts o f the Indian Academy o f Sciences in trying to improve 
science education at college and university levels in India.
2) T he subject ‘University Education in Science’ was considered 
in depth by a Com m ittee set up by the Academy in 1994, and 
a paper was issued by Academ y C ouncil in D ecem ber that 
year. Some o f the comments and suggestions made there seem 
to have been  n o ticed  particularly  by various C om m ittees 
concerned w ith science education in recent years. I would like 
to recall a few points from the paper, to reinforce points you 
would certainly be familiar with.
a) T he ability to absorb, transfer and create new technology 
can be  ach ieved  only  against a b ac k g ro u n d  o f  solid  
foundations in the basic sciences.
b) O u r  in s titu tio n s  an d  e d u c a tio n a l system  sh o u ld  
simultaneously provide two things: opportunities for a small 
n um ber o f  highly talented students w ho  can go on  to  
research careers in science; and for a m uch larger num ber 
o f  students good quality training in science for practical
careers outside o f  research.
c) Science at the college level should be solid and broad based, 
and should avoid specialising too early into jo b -o rien ted  
courses. These can be available later, otherwise the students’ 
conceptual foundations w ould  rem ain weak. After core 
courses co m m o n  to  all stream s are covered , flexible 
c o m b in a tio n s  o f  su b jec ts  sh o u ld  be p e rm it te d  and  
encouraged -  Q uoting from the paper:
“ ........  breadth and flexibility have to  be key features o f  an
educational system that expects to attract and retain gifted 
young people.”
d) Integrated MSc as well as Integrated Ph.D. programmes -  
after school and after college respectively -  should be 
created in our good institutions; and at least in a few places 
undergraduate teaching in  science shpuld take place along 
w ith MSc level and active research, as in  a university setting.
This paper o f  the Academ y has been  referred to  in a R ep o rt 
prepared in 2004 by a C om m ittee set up by the Scientific Advisory 
C om m ittee to the C abinet to  “exam ine and recom m end new  
Science Education initiatives from 10+2 onwards” . T he R ep o rt 
was presented and discussed in detail at a day-long seminar held 
at IIT-Delhi on 31 M arch 2005, inaugurated by President Kalam. 
A m ajor recom m endation is to  set up high quality institutions 
combining undergraduate teaching and research in science, built 
around a core Integrated MSc program m e. This idea has been 
taken quite seriously, and it seems that to begin w ith two such 
new  institutions will soon be established.
In  D e c e m b e r  2 0 0 4 , at th e  in v ita tio n  o f  th e  P la n n in g  
Commission, the Academy had made many specific proposals for 
im provem ent o f  science education at colleges and universities. 
Advice was obtained fk)m U G C  Vice Chairm an as well as from 
Scientific Secretary in the Office o f  the Principal Scientific Advisor
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to  the G overnm ent, in drafting these proposals. I m ention  this 
here only because o f  the presence o f  so m any senior persons, 
w ho may be able to help in these matters. T here has been no 
response so far to the Academy from the Plaiming Commission. 
A m ong the recom m endations m ade I m ay m en tio n  — aid to 
colleges and universities on a selective basis to  improve laboratories 
used for teaching; institution o f scholarships at both  undergraduate 
and MSc levels in good numbers to reach ou t to  students in aU 
parts o f  the country; and involvement o f  all the Science Academies 
o f  the country in these efforts as well as support to them  for their 
science education activities.
3) Lastly I turn  to a description o f what the Academy has attempted
to do on its own over the past few years. In the 1994 paper it
was stated:
“ ....A cadem y considers that there is a need to find ways in which 
it can help identify and reach out to the gifted, save as many of 
them  as possible for the pursuit o f  science, and make them  feel 
that it is still worthwhile and deeply rewarding to fashion careers 
in science.”
However m uch we may criticise the present situation in science 
education -  and the pages o f C urrent Science are full o f  it -  we 
have to  deal w ith  o u r ow n presently  available teachers and 
students, and surely am ong them  there are many with talent and 
m otivation. W ith  that in m ind, the Academy set up a Science 
E d u ca tio n  P anel in  1998 to  c rea te  and  c o o rd in a te  useful 
programmes both  for students and for teachers. In all these the 
main contribution firom the Academy is intellectual, coming from 
its Fellowship w hich is about 870 strong. I w ould now like to 
describe these programmes, giving numbers to convey an idea o f 
the scale o f the effort.
a) Summer Research Fellowships These are for both  students 
and teachers to w ork w ith Fellows for a tw o-m onth period.
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Presently the Academ y gives about 200 Fellowships to 
students and 50 to teachers each year. T he program m e 
started on a very modest scale in 1995, and has slowly grown 
to its present level. T he num ber o f applications received is 
in the 3000-3200 range. T he Table shows also cumulative 
totals: so far abou t 850 students and 250 teachers have 
benefited . T h e  quality  and m otiva tion  levels o f  those 
selected have been very high.
SUMMER RESEARCH FELLOWSHIPS
No. o f applications received No. offered No. availed
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Year Students Teachers Total Students Teachers Total Students Teachers Total
1995 5 - 5 3 - 3 3 - 3
1996 - - - 12 - 12 12 - 12
1997 - - - 31 7 38 31 7 38
1998 - - - 34 8 42 34 8 42
1999 84 23 107 57 14 71 57 14 71
2000 486 68 554 76 25 101 76 25 101
2001 609 119 728 104 30 134 104 30 134
2002 969 120 1089 107 43 150 107 43 150
2003 1260 152 1412 116 39 155 101 37 138
2004 1689 152 1841 167 37 204 152 36 188
2005 2988 175 3163 202 44 246 180 43 223
Cumulative totals: 857 243 1100
b) R efresher Courses for Teachers These are o f  tw o week 
duration, and are no t tied in any way to requirements for 
prom otion. May be as a result, we have had participants 
who are highly motivated, and in their 30 s and 40’s so that 
they have several years left o f  active teaching; in turn, by 
improved teaching skills, we hope large numbers o f students 
will benefit.
So far a total o f  about 43 courses have been held, starting in 
Decem ber 1999. T he numbers in different areas are:
Mathematics — 9, Theoretical Physics — 5, Experimental Physics —
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7, Chem istry — 5, Life Sciences — 11, Earth Sciences — 6. These 
courses have been held in different institutions all ovet the country, 
and the participants in each one have been selected on an all- 
India basis. T he planning and conduct o f  these courses are done 
by Fellows, w ith  help from others w henever needed. Problem  
solving, tutorials and discussion sessions are integral parts o f these 
courses. Some details o f  all counes organised are in the next four 
tables. T he num ber o f participants is usually around 25, sometimes 
a bit lower and sometimes in mathematics as high as 40 or 50.
The 7 Experimental Physics courses have been particularly well 
p lan n ed  and  ru n , and  a m anual is b e in g  w rit te n  fo r w ide 
circulation.
REFRESHER COURSES
Cumulative totals: M athematics Theoretical Experimental Chemistry Life E;inh
Physics Physics Sciences Sciences
9 5 7 5 11 6
a Subject Venue Dates Fellows No. o f Amounts
No. involved partici­ spent
pants (Rs. in
Lakhs)
1. Mathematics Panjab University, Dec. 99 I.B.S. Passi
Chandigarh R . Bhatia
D. Prasad 44 1.49
2 Life Sciences Karnatak June 2000 K. Saidapur
University R . Gadagkar 22 225
D harw ad
3. Life Sciences IICB, K olkau N ov 2000 Samir 25 225
Bhattacharyya
4. Theoretical Bishop M oore College, Nov. 2000 S. Chaturvedi 28 1.70
Physics Mavelikara, Kerala R , Simon
N . M ukunda
5. Life Sciences Univ. o f  Mysore, Mysore Sept.-10-22 H.A. Ranganath 28 165
R . Gadagkar
6. Experimental Goa University, O ct. 29 - K .R. Rao
Physics G oa Nov. 12 2001 R . Srinivasan 18 321
7. Theoretical Univ. o f  Hyderabad, Nov. 18-30 S.Chaturvedi 20 123
Physics Hyderabad 2001 R . Simon
N .M ukunda
a Mathematics H arish-Chandra Res. Dec.3-152001 I.B.S. Passi 50 264
Inst., Allahabad R . Bhatia
D. Prasad
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Institute, N ew  Delhi
19-31 Jan. P. Natarajan 13 205
2 m
25 O ct.-7 M.K. Mehta 14 3.78
Nov.2004
1-15,Nov. R . Sriuivasan 16 292
2004
7-21 Dec.. K. Veluthambi 23 3.W
2004
8-21 Dec. G. M arim uthu 22 3.00
14-20 Dec. V. N anjundiah 7 251
2004
13-25 Feb. P Ram am urthy 19 265
21XH
2-14 May S. P^niasubramanian. 39 238
2005 A.Vijayakumar
9-22 May M.K. Chaudhuri 10 292
2005 A. Srinivasan
16-21 May Amitabha Ghosh
2(X6 Gopal P. Sinha 150 1.62
25 M ay - Somdatta Sinha 27 4.54
8 June
2tX6
25 June - V. Rajamani 19 234
6 July S.K.Tandon
2005
19-30 Sept. S. Chaturvedi 28 255
2005
Sep. 2 6 - M.K. Ghosh
7 O ct. A. Krishnamcxjrthy 38 3.40
2005











c) Lecture Workshops These are meant for both students and teachers, mainly at 
MSc and research level but sometimes at +2 and coUege level. The duration is 2 to 
3 days, again planned and conducted by Fellows. Again starting in late 1999, we 
have conducted 51 such workshops so far -  Mathematics 6, Physics 11, Chemistry
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15, Life Sciences 19. From the transparencies you can see how large the audiences 
often are: 200 or even 400 in some cases, especially in Life Sciences. This has been a 
very successful programme, and many Workshops ha .'e been held in institutions in 
smaller towns like Davangere, Dharwar, Amritsar, Kottayam, Gorakhpur, Trichy, 
Coimbatore, Baroda, Mysore to name a few.
LECTUREW ORKSHOPS
Cum ulative totals: Mathematics
06
Theoretical Experim ental Chem istry Life
Physics Physics Sciences
11 15 19
SI. Subject Venue Dates Fellows involved N o. o f 
Partici­
pants
1. M athematics B.M. Birla ScienceCentre. 
Hyderabad
Oct. 99 A. Sitaram 75
2  M athematics R R I., Bangalore Dec. 99 A. Sitaram 110
3. Chemistry St. Stephens College, Delhi Feb 2000 N . Sathyamurthy 100
4. Life Sciences Davangere Mar 2000 V.Nagaraja 140
5. Chemistry Univ. o f  Delhi, Delhi N ov 2000 N . Sathyamurthy 120
6. Life Sciences Abasaheb Garware College, 
Pune
Aug 2001 J. Gowrishankar 80
7. Life Sciences Karnatak Univ., Dharwar Aug.17,18
2001
V. Nagaraja 
D .N .R ao
150
8. Physics St. Xavier s College, M umbai Sept. 15,2001
9. Chemistry G uru Nanak Dev Univ., Oct. 29,30. N . Sathyamurthy
Amritsar 2001 R .N . M ukhegee 
Y.D.Vankar
10. Ecology and M angalore Univ., Mangalore Dec. 7- 8, U m a Shaanker
Conservation 2001 K .N. Ganeshaiah 90
11. Life Sciences St. Xavier’s College, M umbai Jan . 12,2002 A.K. Lala
Veronica E Rodrigues 
V. Sitaramam 100
12. Theoretical CM S College, Kottayam Jan. 14-16 Arup K.Raychaudhuri
Physics 2002 Diptiman Sen 87
13. Q uantum St, Joseph's College, Irinjalakuda 18-20Feb. K.L. Sebastian




14. Chemistry G orakhpur University, 23-24 Nov. R .P R astogi 100
G orakhpur 2002 N.B. Singh 
N . Sathyamurthy
15. M athem atics/ St. Joseph s CoUege,Irinjalakuda 4-6  Dec. G. Misra €6
Statistics 2002 A. Sitaram
S. Ramasubramanianei al
16. Organic T he American College, Madurai 13-14 Dec. S. Chandrasekaran
Synthetic 2002 Uday Maitra
M ethods M . Periasamyef al 160
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17. Chemistry St. Xavier s College, Mumbai 21 Jan. 2003 J.P. Mittal 120
beyond N . Periasamy
tom orrow
18. Frontier Univ. o f  Mysore, Manasagangotri 20-22 Feb. H.A. Ranganath 175
lectures in 2003 V. Nagarajae^ al
biology
19. C urrent trends Madras Christian College, 21-22 Feb. VS. Sunder 80
M athematics C hennai 2003 R . Ramasubramanianet al
20. Theory and St. Thomas College, Pala 1-3 Oct. A.P. Gore 100
applications o f 2003 S.A. Paranjpe
statistics S. Ramasubramanianet al
21. Nonlinear A.V.V.M. Sri Pushpam College, 9-11 Oct. M . Lakshmanan 140
dynamics and Poondi 2003 V. Balakrishnan
its apphcations
22. Frontier University o f  Mysore, Mysore 5-6  Nov. G. Padmanaban
lectures in 2003 M .R .N . Murthy
Biology J. Nagaraju et al 250
23. Frontiers in Sri Sathya Sai Institute 10-12 Nov. S. Chandrasekaran
chemical o f  Higher Leaming 2003 P. Natarajan
Sciences Prasanthi, Nilayam B.G. Maiyaet al 63
24. Life Sciences Auroras Degree College, 21-22 Nov. C. M ohan Rao
H yderabad 2003 Lalji Singh
J. Gowrishankaret ali 300
25. Biological St. Xavier s College, M umbai 12-13Jan. Sheela D onde 150
Sciences 2004
26. Q uantum St. Berchmans College, 26-28Jan. N . M ukunda 30
Information Changanassery 2004 R . Simon
Theory
27. C urrent Bharathidasan University, 27-28 Feb. D. C hattegi
concepts in Tiruchirappalli 2X 'A S. Mahadevan
biological U mesh Varshney
Research D.N. R ao 171
28. Q uantum M ar Thom a College,Tiruvalla 9-11 Nov. Diptiman Sen
field theory 2004 G. Rajasekaran 
Rom esh K. Kaul H[)
29. Solid state BCM  College, Kottayam 18-19 Nov. K.L. Sebastian
physics and 2004 S. Ramasesha
quantum P.K.Das
mechanics K. Babu Joseph 124
30. M odem Aurora Degree College, 29-30 Dec. Ch. M ohan R ao 250
Biology Hyderabad 2004
31. Evolution Mangalore University, 7-8Jan. 2005 S.K.Saidapur
M angalagangotri 2005 Rajashekhar Patil 85
32. M olecular PSG College o f  Arts & Science, J a n .28-29 R . Selvakumaran 400
biology and C oim batore 2005 S. Mahadevan
microbial genetics
33. R ecen t trends S.V. U niversityTirupati 31 Ja n -1 Feb. V. NagarajaSathyavelu 120
in m odem 2005 K Reddy
biology
34. Analysis, Ram an Research Institute, 4-6 Feb. 2005 G. Misra
probability and Bangalore 2005 A. Sitaram
Statistics S. Ramasubramanian 100
35. Q uantum CM S College, Kottayam 7-9 Feb. K.L. Seba.stian
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Chemical 2005 Babu Joseph
C om putations Varughese George 2 )
36. Frontier GSS College, Belgaum 17-19 Feb. S.K. Saidapur 40
lertuTes in 2005
biology
37. Chemical Gauhati Univerity 19-21, Feb. PK . Chattaraj 153
Theories and 2005
Applications
38. Spectroscopy Kongunadu Arts and Science 26-27. Feb. S. Umapathy 250
and its College, Coim batore 2005
AppJicatiom




40. Microscopic University o f  Pune 9-11 M arch R.A. Bhisey 120
techniques in 2005 Deepti Deobagkar
biology
41. Q uantum Jawaharlal N ehru  University, 10-15 March D eepak Kumar 35
com puters N ew  Delhi .2005
42.. Chemistry Sri Sathya Sai Inst, o f 24-26 Sept. P Natarajan
fir Society- H igher Learning 2005 Chelli Janardhana 108
Reactions to Prasanthinilayam
reality
43. M olecular Daulat R am  College, 3-4 Oct. K. Muralidhar 39
endocrino;ogy N ew  Delhi 2005
& gamete
biology




45. Frontiers in CM S College, Kottayam 14-15 Oct. K.Veluthambi 172
biotechnology 2005
46. Einstein’s legacy St. Pious X  Degree and 28-29 Oct. N . M ukunda
P C  Colege 2005 R . Simon
H yderabad R . Jagannathan 177
47. Experimental M aharani Lakshmi Ammanni 4-5 Nov. R . Srinivasan 57
Physics College for Women, Bangalore
48. M odem Aurora s Degree College, 28-29 Nov. T.P. Radhakrishnan 177
Cheniistry and Hyderabad 2005
biology
49. Fundamental St. Joseph’s College, Irinjalakuda 14-15 Feb. S. Umapathy 110
&  Advance 2006
aspects in
spectroscopy
50. Frontiers o f Sc. Philom ena’s College, Mysore 17-18 Feb.. H.A. Ranganath 200
Physics 3006





d) Teacher invitees at Academy meetings This has been a feature 
for the last ten years. We try to invite upto about 50 teachers as 
guests o f the Academy to attend the M id-year and Annual Meetings 
each year. They listen to  the scientific and public lectures, m eet 
and interact w ith  one another and w ith  Fellows in their own 
disciplines; and probably most importantly discuss their com m on 
difficulties in a sympathetic atmosphere. So far we have had about 
250 teachers in the M id-Year Meetings, and 400 in the Annual 
M eetings.
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Cum ulative totals: 244 394
e) Lasdy I m ention briefly that since January 1996 the Academy 
has been publishing a journal devoted to science education tided 
‘R eso n an ce’. It is a m on th ly  and has com pleted  ten  years o f  
existence. I hope at least some o f  you have seen it -  it has a quite 
attractive appearance, con ten ts o f  good -  may be som etim es 
dem and ing  -  quality, and each issue h ighligh ts th e  life and 
achievements o f  a chosen scientist.
CONCLUSION:
I hope I have succeeded in conveying to  you what the Indian 
Academy o f  Sciences has tried to contribute -  both by way o f
ideas and specific programmes — in the field o f  science education 
in the country. All this has o f  course been possible only thanks to 
the wisdom o f  the Council, help o f  the Fellowship, and unstinted 
support o f  the Academy staff.
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The Impact of the Genomic Revolution 
on Medicine
T  S S R ID H A R
We must never cease from exploration. And the end o f  all our 
exploring will be to arrive where we began and to know the place 
for the first time
T.S.EUot
Keeping in m ind the overall goal o f  this series o f  talks, I ŵ ill 
focus on the im pact o f  the genom ic revolution on m edicine in 
general, w ith special reference to health care in India. I v^ll start 
w ith  a description o f  the sequencing endeavour itself, briefly 
m ention the technical advances that have made the simultaneous 
m o lecu la r analyses o f  thousands o f  b io log ical co m p o n en ts  
com m onplace, and then illustrate the im pact o f  these m ethods 
on a deadly disease, chronic myeloid leukaemia. I will then tell 
you something about what I believe will be the most significant 
changes to the practice o f  medicine in the short term  arising from 
the genomic revolution; the ability to sub-stratify seemingly similar 
patients. I will end by sharing with you clinical problems I have 
encountered in our recent w ork, the solution o f  w hich w ould 
benefit enormously by the application o f  these methods. Before 
I plunge in, I want to acknowledge certain concerns that stem 
firom our unique situation o f  being a scientifically developed nation 
w ith in  an eco n o m ica lly  d ev e lo p in g  n a tio n . W h a t w ill this 
accomplish for our country? People may very legitim ately say 
“Look, India’s goal o f im proved health for all can only be achieved 
by providing m odern sanitation, clean drinking water, adequate
nutrition  and, vaccination against childhood viral and bacterial 
infections. If  we ensure that these four things are done well, the 
health o f  our people is going to  be served better than by our 
attempts to understand the molecular underpinnings o f  disease” . 
I have no arguments against this position. In fact there are good 
data from Scandinavia that support this position. O ver the last 
century, the average life expectancy in Sweden increased by about 
25 years; from 52-56 years to 75-81 years. O f  this total, 18 years 
had already been added by the end o f  the Second W orld War, a 
period during w hich there were no significant advances in drug 
therapy or cardiac surgery; but significant improvements in hygiene, 
nutrition, and general living-working conditions. T he second half 
century increased that num ber by a fiirther 7-8 years, and much 
o f  this can be attribu ted  to  advances in  clinical m edicine and 
newer effective drugs. M y stance is going to be, that while the 
bulk o f our public fiands should be used to ensure the delivery o f 
the above m entioned amenities, in addition we need to  pursue 
fundam ental and applied research in to  the m olecular bases o f  
health  and disease. I hope to  persuade you o f  the need  and 
advantages o f  setting aside a small part o f  our fiands to examine 
and exploit the opportunities arising fix>m the new technologies.
I w ant to  start w ith  a cau tionary  no te. T h e  lay press has 
popularized the m yth that there is a “gene” coding for every 
com plex  h um an  trait, and the  gene in  o f  itse lf  d e term in es 
behaviour. This gross simplification and genetic determ inism  is 
quite ridiculous. As Prof. Sharat C handra speaking before m e 
said, th e re  is no  ab so lu te  g en e tic  d e te rm in a tio n , save th e  
m onogenic disorders like H unting ton’s. All o ther manifestations 
o f  h ea lth  and  disease are caused  by  ex ceed in g ly  co m p lex  
interaction between genes and the environment including culture. 
So please be exceedingly sceptical o f  new spaper reports that 
p ro p h e cy  th e  en d  o f  h u m an  s tu p id ity  since th e  gene  fo r 
“intelligence” has been identified or cloned. There rarely, if  ever 
is any such simple o ne-to -one relationship.
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The sequencing o f  the hum an genome has been compared to 
the landing o f  humans on the m oon. I would be the first one to 
agree that it is in fact a technical tour de force; in addition the 
sequence reveals certain facts that have profound philosophical 
implications. However, I w ould Uke to stress upon the aspect o f  
continuity that underlies most m odern research and progress in 
our understanding o f  the m olecular basis o f  life. T he origins o f 
efforts to understand the physical basis o f life can be traced through 
the work and thoughts o f  many em inent people. A representative 
m odern hst would include amongst many others Darwin, Mendel, 
Garrod- the first person to link an inherited condition to a specific 
metabolic defect,- Watson and C rick and finally Sanger w ho made 
se q u e n c in g  possib le . C ra ig  V e n te r’s p io n e e r in g  sh o tg u n  
sequencing was in a sense enabled by standing on the shoulders 
o f  these giants
T he sequence was pubhshed w ith great fanfare in early 2000, 
and I urge you to take a look at the interesting images on the 
covers o f  the two leading journals Nature and Science. By this time, 
the genom e o f  the w orm  C aenorhabditis elegans, less than a 
thousand cells large, had been sequenced and was shown to have 
about 18000 genes. T he genom e o f  Drosophila melonagasta, the 
fruit fly, which is a favourite model system o f  biologists, had also 
been sequenced and shown to have approximately 14,000 genes. 
And what about the H um an genome (with a capital H)? 22000. 
Preposterous! H ow  could it be possible that the lowly w orm  has
18,000 and we, the most complex being on earth, or so we believe, 
have only 22,000? I think it is food for thought.
T he sequence also revealed that the D N A  sequence o f  two 
different individuals varies at approximately no more than one in 
a thousand base pairs. Secondly, the D N A  sequence o f  our closest 
relative the chimpanzee differs from ours by approximately 1%. 
These tw o facts lead to tw o profound philosophical messages. 
This is not merely for medicine, but I think for all o f  mankind. 
First, m uch o f  our cherished notions o f  regional or religious 
superiority are mostly rooted in cultural history rather than blue
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b lo o d  p ed ig re e , a se n tim e n t w ell e c h o ed  by th e  S ansk rit 
aphorism ; “vasudaiva kutumbakam”. This translates roughly into 
“All o f  earth is one family” . Second, our anthropo-supremacy is 
tenuous at best, and in the continuum  o f  primates, the chimp is 
far closer to us than we would like to acknowledge. It is in this 
sense that the impact o f  the sequence is Copernican.
There have been a num ber o f  metaphors used to  describe the 
com plete sequence o f  the hum an genom e, the m ost pervasive 
being the “blue print o f  life” . I strongly disagree with this metaphor 
fo r it conveys an en tire ly  e rro n eo u s im pression . T h e  w ord  
“b lu e p r in t” suggests a scaled d iagram  o r p lan  w ith  all the 
interconnections implied in the details. It also suggests that using 
the plan one can p u t to g e th er a w ork ing  m odel, o r at least 
understand its function. M ost emphatically the sequence is not a 
plan or w iring diagram. T he sequence is a linear array o f  3 billion 
letters o f  the genetic alphabet. Since, we now understand the code 
and the punctuations we know  that there are 22000 genes specified 
in the sequence. Hence, a better m etaphor might be “list o f  parts” 
o f  a com plex machine. Im agine for a m om ent you have been 
given the parts list o f  a Boeing 747 and a full scale working model. 
It is a daunting list running into tens o f  thousands o f  unique parts. 
N o  one in their right minds w ould for a m om ent believe that the 
list in o f  itself w ould perm it the reconstruction o f  the w orking 
m odel.
So for the younger people in the audience, I want to reiterate 
that the parts list is merely the beginning. And glorified terms 
such as “functional genomics” are neologisms for age old activities 
o f biochemistry, cell biology and physiology. There is a whole lot 
o f  work to be done for each o f  these genes before we understand 
their functions in a norm al person, and then  its relevance for 
disease. And in this I cannot adequately emphasise the prim ary 
role o f  research on m odel organisms.
For the non-biologists in this audience, here is a 30 second 
prim er on the principles o f  molecular biology. In all fi-eely living 
organisms genetic material exists in the form  o f DNA. T he central
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dogma o f  molecular biology as enunciated by Sir Francis Crick, 
states that “D N A  makes R N A  makes Protein” . For the most part, 
proteins are the building blocks as well as the enzymatic machinery 
o f  the cell.The implication o f  the central dogma is that information 
flow is unidirectional w ith  the D N A  guiding the making o f R N A  
as a messenger w hich then permits the building o f  specific proteins. 
There are wrinkles to this, which are not im portant for the thrust 
o f  this narrative.
N ow  a w ord about nom enclature. A recent phenom enon is 
the proliferation o f  terms that end w ith ‘om e’ -  genome, proteome, 
metabolome, transcriptome, you-nam e-it-om e. People have taken 
pre existing words and added ‘om e’ to  them , and the resulting 
term  signifies the w hole set o f  all such elements. So in classical 
“genetics” , you studied one gene at a time, and in genomics, you 
study many or all o f  the 22,000 genes. O n  a lighter note, I would 
tell my Am erican friends that ‘om e’ is a te rm  they had stolen 
firom us. T hat it is a very profound ancient Indian term ; which 
was being attached to all brute force science to sanctify it.
I will now  move on to  the connection betw een disease and 
genom e. I rem em ber a very interesting sem inar w hen  I was a 
graduate stu d en t by Paul B erg, one  o f  the  N o b e l laureates 
responsible for the genetic engineering revolution. H e said, “ I 
am going to make a provocative statement. I am going to say all 
disease is genetic” . W hat you have to quibble over is the relative 
contributions o f  the gene versus the envirormient in the causation 
o f  disease.
A clinical vignette vvdll illustrate this point. A 40 year-old person 
notices he is feeling m ore tired than usual. H e also is thirsty often 
and has increased urination. T he doctor examines him  and tests 
his blood and urine for glucose and detects glucose in the urine 
and a higher than norm al level o f  glucose in blood, confirming 
the diagnosis o f  diabetes. P rio r to  the onset o f  these symptoms 
the m an had gradually gained 15 kgs over a five year period. His 
m other is a diabetic as is his elder sister. T he doctor offers the 
patient two alternatives. T he first is daily oral medication to  control
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the b lood glucose levels, or alternately a regim e o f  controlled 
diet and moderate exercise but no medications. This person takes 
the latter approach and loses 10 kilos over the next year and on 
repeat testing does not have glucose in the urine or elevated blood 
glucose. Surprise! T he disease has disappeared! H ow  could this 
be? In this case it ŵ as the environm ental factor o f  consum ing 
m ore calories than he used, w ith the resulting w eight gain that 
p recip ita ted  the  clinical situation . Loss o f  the  gained w eight 
reversed the condition. Obviously the clinical condition  arose 
because the  en v iro n m en ta l in su lt was su p erim p o sed  o n  an 
inherited genetic susceptibility.
I am not going to  talk about the m onogenic disorders -  because 
Prof. Sharat Chandra has covered that in his ta lk - but will focus 
mosdy on the com plex disease, cancer, and make the argum ent 
that we need to participate in this genomic medical revolution in 
India because it has consequences for the health o f  our society. 
Twenty years ago, we had a debate — I rem em ber it was led by 
Prof. Balasubramaniam, w ho was at the CCM B  at that time -  as 
to whether we should participate in the sequencing o f  the hum an 
genom e o r n o t. As a y o u n g  P h D  stu d en t I was excessively 
vociferous in my opposition to it. I said it was merely a technical 
challenge but anti-intellectual; and as an academic institution we 
should not participate in the sequencing o f  the hum an genome. 
We would jo in  the party to decipher the biology after the sequence 
became available.
N ow  the tim e has com e to decipher the biology. I will add 
a n o th e r  n o te  o f  cau tio n . T h e re  is a hu g e  chasm  b e tw een  
understanding the molecular underpinnings o f disease and being 
able to find remedies for its rectification. M ost people agree that 
sickle-ceU anaemia was one o f  the first if  not the first disease to 
be defined in term s o f  the fundam ental m olecular alteration. 
Ingram at M R C  Cambridge determ ined that a single amino acid 
rep lacem ent in  the  b chain o f  the  haem oglobin  m olecule is 
responsible for all the manifestations o f  that complex disease. That 
paper was published in  N ature in 1956. It is 50 years hence. We
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do not have gene therapy for sickle cell anaemia. We do not have 
drug therapy for sickle cell anaemia. All we have for the treatment 
o f  sickle cell anaem ia are palliative supportive m easures. So 
knowledge o f  the genetic and m olecular bases and therapeutic 
amelioration are very far apart. And it is hubris coupled w ith feeble 
mindedness to believe that the path forward is short and straight, 
and ten years down the line, medicine is going to be very different, 
and everything is going to be decoded and fixed.
The many technical developments in the past thirty years that 
have enabled large scale m olecular analyses have tw o recurring 
themes. O ne is markedly improved resolution and the second is 
the ability to  analyze thousands o f  com ponents simultaneously. 
H ow ever, I feel th a t w e lag b eh in d  in  o u r ab ility  to  fully 
com prehend this ocean o f  inform ation. This to a certain extent 
reflects the m ake-up o f  biologists; most o f  the biologists I have 
know n are adept at description and pattern recognition, but when 
it com es to  q u a n tita tiv e  analysis, b o th  o u r  tra in in g  and 
tem peram ent leave us ra ther ill-equipped. C o-operative cross 
disciplinary approaches term ed  “systems biology” seems to be 
the way forward.
There have been at least half a dozen revolutionary technologies 
including production  o f  m onoclonal antibodies, sequencing o f 
DNA , cloning o f  D N A  firagments fi-om mammals, the polymerase 
chain  reaction , D N A  m icroarrays and mass spec trom etry  o f  
proteins. However in the interests o f  brevity and to support this 
narrative I wiU briefly introduce the three techniques that perm it 
rapid analysis o f  the three critical cellular entities alluded to in 
the central dogma; D NA , R N A  and Protein.These are 1) automated 
sequencing o f  D N A , 2) Microarrays to examine messenger R N A  
expression w ith in  a cell and 3) 2 -D im ensional separation o f  
Proteins followed by mass spectrometry. T h ink  o f  these as the 
legs o f  a stool, all o f  w hich  are needed to  m ake sense o f the 
workings o f a living cell.
Autom ated sequencing o f  D N A  has been around for at least 
15 years. H ow ever a critical step forw ard w hich  enabled the
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industrial scale sequencing necessitated by the hum an genom e 
project was the commercial production o f the Prism 3700 by PE 
Biosystems. I was fortunate to be at Wash U  in St. Louis, which 
was one o f the four genome sequencing centres. I remem ber the 
excitement in the summer o f 1998 in Waterston’s lab. This brute 
had 96 capillaries w hich could be loaded simultaneously and in a 
3-4 hour run each lane could read at least 500 bases. It was the 
first breaking o f  the 100 thousand base-pairs a day barrier by a 
single machine. For biologists it had an impact at least as large as 
the breaking o f  the 4 m inute-m ile barrier had on athletes.
The second technology is micro-arrays that perm it the analysis 
o f  global gene expression. T h ere  are now  m ethods to  spot 
fragments o f all o f the 22,000 unique hum an genes on a single 
glass slide m easuring 3 X 1  inch. T he messenger R N A  from a 
tissue can be isolated and labelled with a fluorescent tag and added 
to  the slide. Subsequent washing removes everything but the 
specific pairing o f  D N A  fi-agments and m R N A . T he slide is then 
scanned by a fluorescent reader. A positive signal at the location 
o f the spot o f a particular gene indicates that it is being expressed. 
It is essentially a snap shot o f the activity o f  the genes in a cell. 
T he typical num ber o f  expressed genes in any individual cell 
type is about 10,000 or half o f  all the genes in the genome. Imagine 
now, a situation in which two people w ith the same type o f cancer 
differ in their response to a drug. The tum or in one patient shrinks 
and disappears while it continues to grow in the other. O ne can 
hypothesize that while the vast m ajority o f  genes expressed in 
both tumors are identical, a small set varies between the two. If 
tiny bits o f  the tum or are rem oved p rio r to  the in itiation  o f  
treatment, using the micro array and other similar techniques it is 
now  possible to identify  these differentially expressed genes. 
Im agine the advantages if  this inform ation were available to a 
doctor prior to the initiation o f  therapy.
T he third technology is the simultaneous analysis o f  thousands 
o f  proteins by a combination o f  chromatography (separation) and 
mass spectrom etry  (finer p rin tin g  o f  fragm ents). T he peptide
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fragments are compared to the known sequence o f  thousands o f 
p rev iously  ch a rac te rized  p ro te in s  c o n ta in e d  in  a database, 
perm itting the identification o f  all moderately abundant proteins 
in the sample. T hese th en  are the  3 legs o f  the  stool and a 
combination o f  these three technologies has fuelled the study o f 
disease at the molecular level.
I will now  tell you the story o f  the progress in our understanding 
and treatment o f  Chronic Myeloid Leukemia. This is a cancer o f 
the white blood cells, a group o f  cells involved in defending the 
body against infectious agents. Left untreated the disease kills the 
patient. In 1960 Hungerford working at U  Penn in Philadelphia 
noticed that one o f the chromosomes, num ber 22 in  particular, 
was shorter than usual in w hite blood cells from  people w ith 
chronic myeloid leukaemia. This murker cytogenetic abnormality 
was term ed the Philadelphia chrom osom e. A dozen years later 
Janet R ow ley  identified  this change to  be a translocation. A 
translocation is an event, where part o f one chromosome breaks 
off and is attached to another chromosome. This was a case o f 
balanced translocation betw een the chrom osom es 9 and 22. A 
dozen  years later, by w h ich  tim e cloning  and sequencing o f 
stretches o f  mammalian D N A  had become routine, the molecular 
a lte ra tio n s  b ro u g h t a b o u t by th is  g e n e tic  sh u fflin g  w ere 
determ ined. It turns ou t that there are two im portant genes -  
B C R  on chromosome 22 and ABL on chromosome 9. These are 
genes critical for the regulation o f cell proliferation. By breaking 
and juxtaposing them , a chim era is created, and this chim eric 
e n tity  has a d iffe re n t s tru c tu re  and  is u n c o n tro l le d  and  
promiscuous in its activity. As a consequence it leads to increased 
ce llu la r p ro life ra tio n . F u r th e r  p ro g ress  was m ade by  the  
pharmaceutical company Novartis w here scientists discovered a 
chemical com pound capable o f  blocking the enzymatic activity 
o f  this chimeric protein at doses that did not affect the normal 
protein. Clinical testing o f  this drug produced remission o f the 
leukaemia, and the drug is currently sold under the trade name 
Gleevec. This is one o f  the more note-w orthy instances o f  rational
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drug  design enabled by know ledge o f  the  m olecular genetic 
alterations. This is the sort o f  fairy tale all o f  us w ho study disease 
and its genetic basis hope for. However, you have sickle cell anaemia 
to balance wild hope w ith stark reality.
I would now  like to introduce the idea o f  disease heterogeneity 
and the need for patien t sub-stratification. In using a specific 
diagnostic term  such as Diabetes or Breast cancer, the goal is to 
group entities w ith  similar clinical behaviour and response to 
trea tm en t. H ow ever, as we all know , p eo p le  w ith  iden tical 
diagnosis and treatments have very different outcomes. Obviously 
this kind o f  lum ping hides as m uch as it reveals. M odern genomic 
approaches offer a wedge to pry open this door. It is the path to 
what is often grandiosely term ed “personalized medicine” . I will 
try to communicate these ideas by narrating a clinical encounter 
and the reaction o f  a famous evolutionary biologist on  being 
handed the dreaded “death sentence” o f term inal cancer.
If you can look into the seeds o f  time,
And say which grain will grow 
And which will not.
Speak then to me!
Shakespeare, Macbeth, 1623
In my clinical practice, when I have the mortification o f conveying 
to a patient a diagnosis w ith dismal prognosis, which by the way 
as a neurologist happens often, the scenario runs somewhat like 
this. You sit the patient down and say, “ I am sorry to inform  you 
that you have a condition  for w hich  there is no  proven cure. 
However, the situation is far from  hopeless. You have com e in 
early, and it is possible to do things w hich will ensure that the 
progress o f  the disease can be slowed down and ensure that you 
retain all your faculties.” T he next question almost invariably is, 
“Doc, can you honesdy tell me what is really going to happen to 
M E ”. And you say, “Well, let me tell you about a systematic study 
o f the largest series o f  patients w ith this diagnosis from the Mayo, 
and they followed a thousand patients over ten years, and ninety
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percent o f the patients made it past five years w ithout any significant 
morbidity” . T he next question un-stated most often is, “Doctor, 
would it be possible for you tell, into which o f the groups I fall?” 
And the sense o f  helplessness I feel is som ething I can’t really 
express in  words. O ne shrugs one’s shoulders and, I guess, in  a 
resigned way, only to oneself, says, “ I can tell you only after five 
years into which group you fall” .
And there is a fascinating tale I read as a medical student in the 
now defunct Illustrated weekly o f India by Stephen Jay Gould a 
Professor o f  zoology at Harvard and a gifted populariser o f  science. 
G ould then in his forties had been diagnosed w ith a very rare 
form  o f  cancer called m esothelioma. This is a deadly cancer o f 
the cells lining the outside o f the lung. T he damning statistic given 
to  h im  was that the m edian survival post-diagnosis was eight 
m onths. Translated into English this means that fifty percent o f 
the people w ith  a diagnosis o f  m esotheliom a die w ith in  eight 
months -  information to push most people into deep depression.
But Gould did not accept these facts at face value. Those were 
the days before the Internet and the ability to pull out all published 
literature w ith a few key strokes using Google. H e supposedly 
w ent to the Harvard medical school library and requested the 
librarian to pull out every article ever pubhshed on mesothelioma. 
After reading through the lot he realised that the curve was skewed 
to the left but had a long tail. This m eant that while the majority 
died w ithin a year, a small num ber survived for many years. He 
managed to identify at least a dozen variables that had an impact 
on survival. For exam ple non-sm okers had greater longevity 
compared to smokers. I don’t know  all o f  those variables. To his 
great re lief he recognised that for m ost o f  those variables he 
belonged to the favourable group. H e is said to have remarked, “I 
w on’t die w ithin 8 months, but wiU live for another ten years” . 
H e in fact lived for 20 years post-diagnosis. Using gene expression 
patterns it is starting to become possible to identify these widely 
divergent clinical behaviours at the outset.
Lastly, I will give you examples o f problem s unique to our
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country where we may need to use these genomic approaches to 
tackle them . For the past 2 years we have been  w orking  on 
id en tify in g  m o lecu la r m arkers o f  d ru g  responsiveness and 
prognosis in breast and colorectal cancer in Indian patients. W hen 
I finished medicine in 1985, breast cancer was largely a disease o f 
post-m enopausal in wom en. T he way I rem em ber it is, at least 
seven if  not eight out o f  ten patients I saw were post-menopausal. 
Many surgeons I spoke to recently, report encountering a greater 
p ro p o rtio n  o f  p re-m enopausal w om en  w ith  m ore aggressive 
disease in their practice in recent years. However, we could not 
find statistical data from any centre that supported this impression. 
In a study we have initiated across 18 centres in India, our initial 
data, mostly from Bangalore and Madurai, indicate that there is a 
no ticeab le increase in  the  40-45  age g roup  co n firm in g  the 
impressions o f most surgeons. I would be the first to agree that 
these numbers are very small, and the study needs to be extended 
significantly. However, this pattern has not been reported in the 
West and hence it is “our problem ” . We need to determ ine if  
these younger wom en have the same sort o f disease as the older 
group or if  there are molecular differences that affect their response 
to treatm ent and outcomes.
There is an additional aspect o f  the nature o f breast cancer in 
India that is different. Breast cancers have been  categorized as 
being estrogen-receptor positive or estrogen-receptor negative. 
And this is very im portant because if  a patient is estrogen-receptor 
positive, you use an ti-estrogens for tha t p a tien t and thereby  
decrease the prohferation o f cancerous cells. In W estern cohorts 
75 to 80 percent are estrogen-receptor positive. There was a report 
from  the Tata M em orial H ospital in the nineties, w hich  had 
m entioned that the proportion o f  breast cancer patients whose 
tu m o r has detectab le levels o f  the  es tro g en -recep to r in  oUr 
population was less, m uch less. In fact they had said that it was 
lesser than 40 percent. And sure enough, we found very similar 
proportions in our cohorts. If you look at the annual age-adjusted 
incidence o f breast cancer over last 25 years in the US, the incidence
166 SCIENCE, TECHNOLOGY & SOCIETY
is going up, but the cancers tend to be estrogen-receptor positive. 
Interestingly, simultaneously the estrogen-receptor negative breast 
cancer has actually come down in the US. So the very type that is 
actually going down in the US cohort is going up in the Indian 
cohort. And more importantly it is happening in younger wom en 
who are pre-menopausal. Now, if W E don’t study this problem, I 
know for a fact that the Western pharmaceutical industry is not 
interested in estrogen-receptor negative disease because they don’t 
have a drug, and that’s just the way the pharmaceutical industry 
operates. It is in our interest to follow this and try to get to its 
roots, and then hopefully find a way o f halting it.
There is one another practical issue that dictates our need to 
becom e adept at the use o f  these genom ic approaches to study 
diseases. It is to apply these m ethods to diseases that affect our 
population to the exclusion o f the West, for example malaria and 
leprosy. There were only 13 new drugs developed for all tropical 
diseases in the last 25 years. Pharmaceutical companies are largely 
discontinuing their research into these problems unless there are 
significant numbers affected in the West. They see it as a low return 
on investm ent. It is naive to  expect solutions either from  the 
W estern pharm aceutical industry or public funded research for 
these types o f  problems.
I would like to end by suggesting that the way forward is to 
prom ote the availability o f  inform ation about these advances o f  
m odern biology and their impUcations for pubUc health. We need 
to encourage and foster healthy discussion o f  the implications; 
for many o f these issues are complex and the choices are far from 
straight forward. Finally we should hope that in the long run 
prudence and wisdom prevail instead o f  hype and hysteria.
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Role of Scientist in Relation to Society
S S K U M A R
Science and Technology, as widely recognised, is the foundation 
on which rests the welfare and progress o f  Society. Unfortunately, 
the spirit o f  this recognition is dam pened by the passive role 
w hich Scientists and Technologists are playing in awakening the 
society to confront challenges w hich threaten its very survival. 
This is a m atter o f serious concern which I intend to share with 
you in the hope that, at least, some o f  you may give it a serious 
though t and devise m ethods to address these concerns in the 
interest o f societal welfare.
Ladies and gentleman, firsdy, we must realize that natural forces 
(God) has laboured hard for millions o f  years before the humans 
could be evolved or created. This is evident from the history o f 
the earth, which itself is 4,600 million years old. D uring the first 
1100 million years o f its age, the environment was very harsh and 
not suitable/permissive for any kind o f life to arise or exist. This 
is testified by the discovery o f  the oldest fossil structures which 
are 3,500 million years old. T he first eukaryotic cell (a cell with 
essential traits o f  the cells o f  vast majority o f the living organisms) 
is recorded to be 2,100 million years old. T he multicellular algae 
(found in sea water now) are estimated to be 1,000 million years 
old. T he earliest land plants, (which first invaded the land) arose 
nearly 440 million years ago.
W hen  traced backwards, the history o f  m an seems to  have 
begun nearly 4 -5  m illion  years ago. O u r  rem otest ancestors 
{Australopithecus afarensis) existed nearly 4 -  2.7 million years back 
and after having passed th ro u g h  various evo lu tionary  stages 
(Australopithecus africanus -  3-2 m illion year ago; Australopithecus 
robustus -  2.2 -  1.6 million years ago; Homo habilis -  2.4 -  1.5
million years back; Homo erectus 1.8 -  0.3 million years ago; Homo 
spapiens archaic -  500-200  thousand  years ago; Homo sapiens 
neandertalensis -  150 -  35 thousand years ago) culminated in the 
evolution o f  Homo sapiens sapiens 1,20,000 years ago w ith  no 
compassion in killing his enemies, but instinctively providing care 
to the elderly and sick.
You will realize that, com pared to  the age o f  the earth and 
other organisms, humans came into existence only about 2 million 
years ago. They evolved into the sole species {Homo sapiens nearly
500,000 years ago), whose descendents are surviving to-day. Inspite 
o f being so young on the time-scale o f  their origin. Homo sapiens 
alone were blessed w ith  the intellectual capacity to  understand 
and solve problems. This trait enabled them  to become the masters 
o f  o ther organisms.
Since the earth came into existence, there have been five major 
mass extinctions i.e. the first nearly 439 million years ago (during 
O rdovician-Silurian); the second nearly 364 m illion years ago 
(during late Devonian); the third about 251 m illion years ago 
(during Perm ian-Triassic); the fourth  nearly 214 m illion years 
ago (during late Triassic); and the fifth about 65 million years ago 
(during Cretaceous-Tertiary). O f  these five mass extinctions, the 
th ird  was the  w orst in  w h ich  95% o f  all species living then  
perished .
T hese five mass ex tinctions w ere natu ral events probably 
resu lting  from  volcanic erup tions, g laciation, global clim atic 
alterations, and changes in oxygen & salinity levels in oceans and 
above all m eteoric impacts and com et showers (the exact causes 
still unclear). Luckily, the humans had no t evolved by then. N ow  
having evolved, the man, in complete disregard o f  G od (natural 
forces), HIS creation and even global concerns, has taken upon 
h im self (engaged) the  task o f  (in) causing im balance in  the 
environment and hasten next (6*) mass extinction. W hat a great 
contribution the man is making for the welfare o f  the society!
Be as this may, there is no controversy in the final analysis that 
G od (natural evolutionary forces) created m en/w om en w hich can 
be clubbed under any one the following four blood groups that
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are determ ined by the type o f glycoproteins on the red blood 
cells.
Blood Type A: R ed  blood cells possess A -  type glycoproteins 
Blood Type B: R ed  blood cells possess B - type glycoproteins 
Blood Type A B: R ed  blood cells possess both A -  type and B -  
type glycoproteins
Blood Type O ; R ed  blood cells lack these glycoproteins
These blood types hold true for the entire hum an population 
and that religion, caste and creed, and geographic distribution o f 
hum an population has no bearing, whatsoever, on these blood 
types. Since the blood type is a constant/stable character, it remains 
the ch ief guiding factor in inferring the real phylogenetic (God 
m ade/nature evolved) relationship in hum an population.
In this regard, the medical effects o f  blood transfusion (given 
in  books -  T ab le -1) p rovide unequ ivocal p ro o f  o f  the true  
relationships in  the hum an population.
Table 1. Medical effects of blood transfusions 





















It is obvious that w hen the recipient refuses to accept the blood 
o f donor in transfusion, it cannot have a close natural (God created) 
relationship w ith the donor. However, if  the blood o f  the donor 
and the blood o f the recipient are compatible during transfusion, 
then the donor and the recipient have indeed a close natural (God 
created) relationship. Any other relationship (based on  religion, 
caste, creed, geography, politics), sought to be made by religious 
leaders and p o litic ian s (in th e ir  lust fo r pow er), is a m ere 
exploitation o f  the hum an population and a shameless defiance 
o f  the G O D ’S (natural evolutionary forces) WILL.
Is it not a m atter o f great concern that HIS creation (man) is 
cheating the creator (God), while pretending to be HIS worshiper? 
H e is making nations/religjons/people fight w ith other nations/ 
religions and pushing people o f  the same blood group to  kill 
their own kind.
D id hum ans in h erit this cruelty  trait from  their ancestors? 
Undoubtedly, our supposed ancestors, the Chimpanzees, displayed 
aggressive behaviour so as to protect themselves from their enemies. 
T h e  e v o lu tio n  o f  th e  d esc en d en ts  o f  h u m an s (m an) was 
accom panied by the evolution o f  enorm ous brain size, capacity 
to think, reason and show controlled behaviour, in contrast to the 
instinctive behaviour o f  his ancestors w ho lived 500,000 years back. 
In his aggressive behaviour, the man has rather hum bled even his 
ancestors. Is it not shamefial, that we have adopted the concept o f 
nuclear families so as to escape from  the care o f  our elderly and 
infirm  people, ignoring the fact that our remote ancestors, inspite 
o f  their animal traits, were taking care o f  their aged and sick elders?.
Should it not be a m atter o f  great concern that the scientists, 
expected to be seekers and practitionen o f truth, are not speaking 
against the evil o f  religious, caste and geographic divide o f  man?. 
Is this silence o f  scientists designed/adopted  to prom ote their 
careers or is it that they fear a danger to their lives from poHticians, 
religious leaders and preachers o f  hatred? T here is a need for 
introspection by the scientists, followed by a corrective action to 
save the society from  slipping back to  the instinctive trait o f  
aggressive animal behaviour o f  our ancestors.
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H ow  unfortunate it is, that the highest evolved creation o f  God, 
the man, is engaged in destroying all forms o f HIS creation! Recall 
to  y o u r m in d  th e  d read fu l even t in  h u m an  history , w h en  
H irosh im a and  N agasaki w ere destroyed by the  A m ericans 
through the use o f  A tom  bom b. In this destruction, the living 
envied the dead. Is it not baffling, that inspite o f a large army o f 
scientists in the U nited States, there were only a few who protested 
against assembUng o f  this weapon o f  mass destruction ! That no 
lesson is learnt from this human tragedy is evident from the fact 
that, in the garb o f self defense, some nations have added far more 
dangerous and destructive weapons to their arsenals. It is rather 
sad that the scientists are willingly obeying their political masters 
to enable them  to w in the race o f  supremacy. In this endeavour, is 
the society no t being pushed to sit on the m outh o f  a volcano?. If 
the scientists failed to  raise their voice against the destructive 
strategy o f  nations at this junctu re , the history will no t pardon 
them .
Further, the scientists also have a definite role in cleaning the 
society fix>m some evils. However, it is a m atter o f  shame, regret 
and concern  that som e scientists, bhnded by their am bition to 
rise to  h igher positions (V ice-Chancellors, Professors, Em inent 
Scientists), are belittling science by indulging in plagiarism. Still 
worse are those m en In  authority, w ho (for reasons best known to 
them) rescue these plagiarists. W here is their conscience? W hat is 
the society doing to save itself fi»m  this kind o f  degradation?
These questions w ould agitate every rigjiteous mind, but there 
is no solution except to bring about a change in the mind-set o f 
the people w ithout w hich all technoIogicjJ advances are rendered 
meaningless, because it is ultimately the m an w ho will operate 
the machine in the way he likes.
A nother m atter o f  concern  for the society is the depleting 
biodiverMty. T he plants that you see around are the product o f  
nearly 420 million years o f  evolution. These are indeed the precious 
gift o f  God (evolutionary forces) for supporting all forms o f  animal 
life (including man) and also ensuring environmental balance.
T he man is not sparing even this creation o f God (nature). A
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visit to the Himalayas, Nilgiris and W estern Ghats w ould reveal 
the m anner in which the forest floors are being scrubbed to destroy 
all vegetation (mosdy carpet-form ing lower plants and some small­
sized flowering plants too). This hum an activity is rendering the 
forest floors naked. There is a little realization that during torrential 
rains in the Himalayas and other mountains, the water runs down 
the slopes at terrific speed. So, if  the forest floors are rendered 
naked, the speeding w ater will erode the soil along w ith  the 
mineral content o f the eroded soil. N ot only that, even the roots 
o f  the trees and other higher plants will also get exposed. As it 
continues, the trees will be uprooted. The tiny lower plants, which 
carpet the forest floors, not only prevent soil erosion by absorbing 
water (which is sometimes 20 times o f  their ow n weight) and 
minerals therein, bu t also serve as nurseries for the germ ination 
o f  seeds o f  higher plants. Additionally, these plants also support 
lower forms o f  animal life and facilitate reproduction  in birds 
whose nests are chiefly (about 90%) made o f  these light-weighted 
lower plants.
Unfortunately, the foresters are not taking any steps to save the 
forests floors. T he governm ent is also no t moved. T he famous 
botanists are used to looking only at the flowering plants. They 
do not bend to look at the forest floor. Thus, they are unable to 
realize the damage that scrubbing o f forest floors is causing.
In this manner, we are loosing biodiversity at all levels. We are 
loosing it at chromosome level, gene level, species level, generic 
level, family level, ecosystem level, forest level and at aquatic level. 
Just imagine the loss -  every day about ten species are being wiped 
out from the surface o f the earth. It is also estimated, that during 
the first ten years o f the present century, this rate o f loss will rise 
to 25 species per day. W ith this speed, how  m uch time will it take 
before the  en tire  p lan t w ealth  goes dow n the  drain and no 
biodiversity is left? W hile we loudly cry over the loss o f  biodiversity, 
we do practically litde to preserve it.
Ladies and gendemen, further imagine that if  this destruction 
o f  biodiversity were to continue, the Himalayas w hich are nearly
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60 million years old, the Western Ghats and the Nilgiris which 
are far older would be a in a pitiable condition. Imagine the effect 
o f  this situation on  society and nature. H ow  mindless we are? The 
highest creation o f God (the man) was given the brain to command 
the earth and environment, but look at the way he is commanding? 
T he self-centered man is unmindful o f  the fact that he is cutting 
the same branch on which he is sitting.
These are only some o f  my concerns. There are a few other 
concerns also, but I see that my watch is inhibiting me to speak 
further. So, I have to carry the load o f other concerns on my head. 
I shall wait for some other opportunity to make you a partner o f 
my concerns.
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Genes, Criminal Behaviour and the Law
I
S E B A ST IA N  J  PA D A Y A TTY  
A N D  
H . S H A R A T  C H A N D R A
We discuss in this b rie f article a small but growing area o f  practical 
as well as philosophical interest in w hich genetics, medicine and 
the law intersect. In doing so, v  e are conscious o f  our lack o f 
legal training and our approach to this issue is therefore m ore 
from the perspective o f  science than that o f  the law.
In criminal law, a person may be held culpable if  the court is 
convinced that the crim e was a volitive act, that is, the person 
purposely and knowingly com m itted the act. His culpability is 
established during  the trial, at w hich m any types o f  evidence 
may be produced. Implicit in holding the accused culpable is the 
presum ption that “hum an beings possess free will for the most 
part and the  decisions to  engage in  dissocial b eh av io u r are 
intellectually and emotionally under the control o f  the perpetrator”
'. T he autonomy o f individual choice is fundamental to criminal 
law, as it is to the existence o f  civilized society. In the w ider society, 
and in science, religion and philosophy, free will has a broader 
and more varied meaning. At one end are those w ho hold that 
free w ill is very lim ited  — relig ious g roups w h o  believe in 
p red estin a tio n , and those w h o  p u t th e ir  faith  in  b io logical 
determinism. At the other end are those who champion a virtually 
unlimited ability for conscious choice. Whereas physical limitations
on the exercise o f  free will are readily recognized, recent findings, 
p rim arily  in  genetics, have raised the  co n ten tio u s  q uestion  
w h e th e r  co n sc io u s  th o u g h t o r v o lu n ta ry  ac tio n  can be 
circumscribed by biological factors intrinsic to the individual.
D o genes affect behavior? Clearly they do, in the sense that 
genes encode sets o f  behavioral repertoire that enhance survival. 
But genes are not deterministic, in that a gene does not compel a 
particular type o f  behavior but merely increases or decreases the 
propensity to act in a certain way. Therefore, in traditional legal 
thinking, genes do not have a major role in determ ining w hether 
an act is voluntary or not.  ̂ However, the law is rarely immune 
from evolving societal norms, and from widely held views on the 
extent and limitations o f  firee will. Indeed, future debate on the 
idea o f  free will is likely to be inform ed not only by the traditional 
philosophical and religious arguments, bu t also by advances in 
science, especially in neuroscience and genetics.
C rim inal trials involve determ in ing  guilt, and deciding on 
suitable punishm ent. Evidence on the influence o f  genes on 
behaviour has been used in courts o f  law in two distinct areas. 
O ne is in the determ ination o f  guilt. T he second is to establish 
w hether a genetic defect contributes to the evasion or diminution 
o f responsibility.  ̂ Genetic evidence has been used to argue that 
crim inal defendants are afflicted by certain m utations or gene 
variants that contributed to the crime. Because the effect o f genetic 
changes on behavior is no t determ inistic, the argum ent that a 
defendant is no t guilty because o f  a genetic condition has not 
found  support. M ost cases so far have sought to  use genetic 
evidence as a factor in mitigation because a wider range o f evidence 
is perm issible at the sentencing phase, bu t judges have rarely 
allowed such evidence even at the sentencing phase. Nevertheless, 
purported  ‘genetic defect’ has been used as an argument by the 
defense for involuntariness, usually as con tribu ting  to  drug or 
alcohol addiction, under w hose influence the crim e is said to 
have been committed.^
It may appear at first that a well established relationship between
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a particular gene and violence, or a family history o f  violence, 
som ehow  dim inishes the responsibility o f  the defendant. Had 
this been the case, it has been pointed out, we already have an 
ex ce llen t g en e tic  m ark e r fo r crim e,^ a m ark e r so strong ly  
associated w ith  v io len t crim e th a t it is un likely  a s tronger 
association will be found. T he vast majority o f  violent crimes are 
com m itted by males, all o f  w hom  have the Y chromosome. Yet 
most m en never com m it any crime, let alone violent crime. In 
o ther words, genetics may show statistically that a certain gene 
increases the probability o f  a specific type o f action but cannot 
tell how  a particular individual will act.”*
BEHAVIORAL GENETICS A N D  THE LAW
T he idea that crime is inherited was widely held in many parts o f 
the world. In the past, even though the mechanisms o f  heredity 
were not known, many crimes were attributed to families or certain 
(usually marginalized) groups as being caused by their “blood” . 
T he idea that crime is hereditary has long roots in India, and is in 
keeping w ith the rigidities o f  the caste system as well the widely- 
held belief that individuals carry the burden o f  their sins from 
their previous births. Entire communities in India were considered 
criminals, and this belief was formalized during British rule by 
Hsting these as “criminal tribes” . These tribes were “de-notified” 
as recently as in 1952. I f  people indulged in crim e over many 
generations, it may simply be due to the widespread convention 
o f  youngsters fo llow ing th e ir ancestors’ m eans o f  livelihood 
(‘hereditary profession’). Indeed, many o f  the “criminal groups” 
b ecam e se ttled  fa rm ers  a f te r  a successfu l p ro g ram m e  o f  
rehabilitation.®
T he late 19'^“ century and early 20* century saw the rise o f 
many schools o f thought on the hereditary nature o f crime. But 
w hen the principles o f heredity began to be understood, contrary 
to  w ha t one m igh t have expected , an c ien t p re jud ices w ere 
resurrected under the im prim atur o f this new  science, especially
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in  th e  W est. O n e  p o p u la r idea was th a t crim e was due to 
“hereditary degeneration” and that it could be discerned in the 
physical characteristics o f the criminal.  ̂ In the US, the eugenics 
movement gave impetus to several large-scale, but poorly designed 
studies whose results were claimed to support theories o f genetic 
causes o f  severe social dysfunction. These ideas were sufficiently 
popular to enable the passage o f  regressive legislation As a 
consequence, great harm  was done, and in several countries groups 
considered feeble-m inded, deform ed or crim inal were subject 
to  ban  on  m arria g es , co m p u lso ry  s te riliza tio n ^  and  even 
euthanasia**. M uch o f  this research was later discredited and shown 
to be unscientific and therefore w ithout value.
XYY A N D  GENE DOSAGE
H um an  cells con ta in  23 pairs o f  chrom osom es: 22 pairs o f  
autosomes and a pair o f  sex chromosomes, the X  and Y. These are 
num bered according to length, chromosomes 1, 2 and 3 being 
the longest and 21, 22 andY  being the smallest. T he X  is a middle- 
sized chromosome; it occurs as the single copy in males (46, XY) 
and in two copies in females (46, XX). T he Y, which contains an 
im portant gene for maleness, is transm itted from  father to son. 
The XYY condition (47, XYY) arises when, due to an error in 
the distribution o f chromosomes, a father transmits to his son two 
Y chromosomes rather than one.
I f  the  dosage (or the  n u m b er o f  copies) o f  a gene o r a 
chrom osom e is abnorm al relative to  tha t o f  o th e r genes or 
chrom osom es, it can lead to  developm ental and physiological 
anomalies. For instance, the presence o f  three copies (‘trisom y’) 
o f  chrom osom e 21, instead o f  the usual two, results in D ow n 
syndrome (47, trisomy 21), a developmental anomaly whose most 
serious consequence is mental retardation. Trisomy for autosomes 
other than 13, 18 and 21 do not survive; 40% to 50% o f all first 
tr im es te r  ab o rtio n s  are a ttrib u tab le  to  trisom ies and o th e r 
numerical variations in chromosomes. O n  the other hand, embryos
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w ith an extra X  chrom osom e (47, XXX ) survive and com e to 
term. Even tetrasomy for the X  chromosome (48, XXXX) is viable 
because th ere  is an unusual m echanism  w h ich  leads to  the 
inactivation o f  all X  chromosomes in excess o f one and nullifies 
the deleterious effects o f X-chrom osom e gene dosage imbalance. 
T he presence o f  an extra Y chrom osom e also does no t affect 
survival. A bout one in a thousand m en is 47, XYY.
T he XYY condition  has attracted considerable attention in 
both scientific and legal circles because o f its purported association 
w ith  crim inal behaviour. In 1965, in a study o f  197 m entally 
subnorm al male patients w ith  “dangerous, v io lent or crim inal 
propensities” in a Scottish institution where they were being treated 
under conditions o f  special security, Jacobs et al (1965) found that 
8 o f  them  (3.5%) had an X Y Y  constitution This num ber is 
significantly higher than that expected by chance. T he controversial 
implication o f  this study was that a doubling o f  the dosage o f 
genes on the Y chrom osom e was som ehow related to criminal 
behaviour.
As noted above, the Y is similar in size to chromosome 21, but 
a significant am ount o f  its D N A  is noncoding and repetitious, 
w ith no know n functions. As o f  now it appears that the Y has 
fewer than 50 genes, whereas chromosom e 21 has over 350. In 
addition to mental retardation, children w ith trisomy 21 have facial 
and other dysmorphic features which can be recognized at birth 
o r soon  afte r, w h e reas  X Y Y  ch ild re n  are n o t read ily  
d istinguishable from  X Y  ch ild ren . Ind ications o f  the X Y Y  
condition  (see below) such as unusual tallness, facial acne and 
behavioural problems are not usually recognized until adolescence.
Even w hen  the chrom osom e num ber is norm al, abnorm al 
dosage o f a single gene or a segment o f a gene can lead to disease 
and anomalous development. An example is H untington disease 
(HD), a neurodegenerative disease which manifests itself in midlife. 
T he disease progression is rapid, w ith m ovem ent abnormalities, 
personality changes and a gradual loss o f  cognition, ultimately 
leading to death. T he disease is caused by an abnormal increase
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in the copy num ber o f a short segment o f D N A  within the H D  
gene.
XYY C O N ST IT U T IO N  A N D  CRIME
The XYY condition was first reported in 1961. In the 1960’s and 
1970’s several reports were published show ing that m en w ho 
c a r r ie d  an ex tra  Y ch ro m o so m e  w ere  d isp ro p o r tio n a te ly  
represented among criminal prisoners. ’ XYY m en tend to be 
very tall and some have sUghdy reduced intelligence. W hile the 
incidence o f XYY is roughly one in 1000 men, in many prisons 
they constituted 1 to 2% o f  convicted criminals. As additional 
studies were published, it became obvious that many XYY men 
lead norm al lives, but nevertheless the term  ‘genetic defect’ has 
come to be used widely in the legal literature in discussions o f  
XYY and such other genetic conditions. It also became apparent 
that most published surveys suffered from weaknesses, particularly 
ascertainment bias. In the West the issue became highly charged, 
stoked by the fear o f  a revival o f  the ideas o f  the eugenics movement 
which, however discredited and outrageous they may seem now, 
caused immense harm  in the early part o f the 20* century. Because 
o f vigorous opposition from scientists concerned with privacy o f 
genetic information, stigmatization o f  XYY individuals and denial 
o f  insurance to them  no further studies, especially large-scale 
studies, have been done. However, case studies o f XYY and crime 
continue to be published but because the initial studies were 
flawed and drew unwarranted conclusions, m uch o f XYY research 
remains controversial. In the absence rigorous studies, especially 
prospective studies o f sufficient statistical power, the consequences 
o f  the X Y Y  co n d itio n  to  the ind iv idual’s behav iou r rem ain 
unclear.’^
As noted before, the term  ‘genetic defect’ has come to be used 
widely in the legal literature in discussions o f  XYY and criminal 
behavior. B u t genetic  anom alies do n o t necessarily  lead to  
unp leasan t behav io r. Ind iv iduals w ith  D o w n  syndrom e are
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generally considered to have a pleasant disposition,^" while those 
with W illiam ’s syndrome, another anomalous genetic condition, 
have been described as possessing a “happy disposition” because 
they are highly sociable and friendly even to strangers Thus 
there are genetic changes w hich may have a positive effect on 
behavior. Therefore, there is no a p rio ri reason why other, less 
desirable types o f disposition can not be a consequence o f particular 
genetic conditions.
XYY A N D  CRIM INAL LAW
W hen the correlation betw een the XYY condition and crim e 
was published, defense attorneys attempted to use it as exculpatory 
evidence, mainly in those charged w ith murder. As early as in 
1968, XYY was introduced as evidence in an Australian court but 
the defendant was acquitted o f  m urder by reason o f insanity and 
not due to the XYY constitution. In 1969, in the first such case in 
the US, the court allowed evidence o f XYY constitution to be 
presented to the ju ry  (the only US case in which this has been 
allowed) bu t the ju ry  found the defendant guilty o f  murder. In 
th ree subsequent m urder cases in  the US, evidence o f  XY Y  
constitution was disallowed by the courts. In 1969, in a case in 
France, the  sen tence for m u rd er was m itigated  because the 
defendant was XYY, possibly the only tim e this plea has served 
the defendant in some way. The same year, a West Germ an court 
d isco u n ted  th e  p lea o f  X Y Y  g en o ty p e  and  sen ten ced  the  
defendant to life im prisonm ent for murder. XYY defense has 
occasionally been used since then, and two such instances (both 
unsuccessful) were noted in the US between 1994 and 2004. XYY 
defense may have been used in other countries, but we have not 
come across any examples in the published scientific literature.
GENE M UTATIONS A N D  CRIM INAL LAW
In 1994 Stephen Mobley appealed to a U.S. court against his death 
sentence for m urder on the grounds that he should have been
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tested for genetic defects, because there was a history o f  violent 
behaviour in his family going back four generations. However, 
m any fam ily m em bers, in c lu d in g  his fa ther, w ere successful 
businessm en. M obley’s family was wealthy, and there was no 
evidence that he had been neglected or abused as a child. H e had 
behavioural problems as a child and showed violent behaviour in 
his youth. He was at various times charged or convicted o f forgery, 
repeated arm ed robberies, credit card theft and sexual assault on 
another prisoner. Mobley robbed a store by holding a gun to the 
back o f  the manager’s head. He shot the manager as he pleaded 
for his life. Following capture, M obley confessed to the crime. 
Lawyers representing M obley decided that they had no defense 
against the charge o f  m urder '̂‘bu t claimed that M obley had a 
genetic defect that m ade h im  violent. T hey  asked that he be 
checked for chemical abnormalities o f the brain, as such changes 
had been observed in a D utch family w ith a violent history (see 
below). However, citing that M obley had norm al intelligence 
(un like  m em bers o f  th e  D u tc h  fam ily) and  th a t a gene tic  
relationship to violence was not certain, the court refused to allow 
genetic testing. T he ju ry  found him  guilty o f murder, and he was 
executed in 2005 after numerous appeals failed.
M O NO AM IN E OXIDASE A
Cells in the nervous system transmit impulses from one end o f 
the cell to the o ther as electric pulses. W here tw o nerve cells 
meet, they com m unicate by means o f  chemical messengers. The 
arrival o f  an electrical impulse triggers the release o f  a chemical 
messenger (neurotransm itter) w hich passes across the small gap 
that separates the two cells (synapse). O n  reaching the target cell, 
the neurotransm itter binds to specific receptors that prom ote or 
inhibit the propagation o f the signal. C om m on neurotransmitters 
in  the bra in  tha t m odulate  behav io r include N orad rena line  
(Norepinephrine), Dopam ine and Serotonin. O nce secreted into 
the synapse, some o f  the neurotransm itter binds to receptors on
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the nerve cells and are taken up by the cells. Neurotransm itters 
tha t rem ain  in  the  synapse are rapidly destroyed by specific 
enzymes. K eeping the synapse free o f  neurotransm itters is an 
im portant process because it is only then that the cells are able to 
send stimulatory or inhibitory signals rapidly. A key enzyme that 
facihtates this process is M onoam ine Oxidase A (MAOA), which 
destroys Noradrenaline and Serotonin. Drugs that inhibit M AOA 
are used to treat depression and other brain disorders.
MAOA ACTIVITY A N D  CRIM E /
I
In 1993, a D utch pedigree w ith a long history o f  violence was 
found to have a m utation in the gene encoding MAOA, which 
resulted in complete and selective deficiency o f  MAOA.^^ In this 
family, several males w ith borderline mental retardation indulged 
in  v io le n t and  im pulsive b eh av io r, arson , a tte m p te d  rape, 
exhibitionism and attem pted suicide. T he gene for MAOA is on 
the X  chrom osom e; therefore, only males in the family were 
affected. This is the only reported instance in which a m utation in 
the M AOA gene abolished the activity o f  the enzyme completely. 
N orrie’s disease, another rare disease o f  men, has a chromosomal 
deletion which includes the M AOA gene. These individuals have 
m any problem s, including deafness and blindness, so that the 
effect o f  the loss o f  M AOA activity alone is difficult to  discern.
W hen initiaUy published, the results on M AOA were a novel 
discovery, pointing to a relationship between a defect in a specific 
gene and violence. The report form ed the basis o f  Mobley s appeal 
demanding that he be tested for genetic defects. O ne difference 
between the Mobley family and this D utch family was that in the 
latter impulsive acts o f violence were know n only am ong males, 
bu t am ong b o th  m en and w om en in M obley’s family. M ore 
recently, 442 m en were studied in N ew  Zealand, com paring the 
expression o f  the enzym e M A OA w ith  antisocial behaviour, 
including violence Certain variatiorLs in the D N A  sequence 
o f  the prom oter region o f  the MAOA gene reduced activity o f
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th e  enzym e. G ene  ex p ressio n  was assessed by analysis o f  
differences in the prom oter region o f  the gene. O utcom e was 
assessed by four different measures o f antisocial behavior and 
convictions for violent crime. These 442 m en were am ong 1037 
children who were followed up at regular intervals, starting at age 
3 to their 9* follow up at age 26. Because wom en have two copies 
o f  the M AOA gene (one on each X  chromosome), and one X 
ch ro m o so m e is random ly  inac tiv a ted , th ey  p resen t a m ore 
complicated picture. Further, in general wom en have low levels 
o f antisocial and violent behavior, and therefore there were not 
enough cases for investigation. Polymorphisms in the MAOA 
gene were correlated w ith various indices o f antisocial behavior. 
It was found that m en with low enzyme activity w ho had been 
maltreated as children were more likely to com m it violent crime. 
Am ong those individuals w ith low M AOA activity and w ho had 
also been  victim s o f  severe m altreatm ent in  ch ildhood, 85% 
developed antisocial behavior. Those whose enzyme activity 
was norm al did not develop antisocial behavior even if  there had 
been severe childhood maltreatment. O ther studies (but no t all) 
have, to varying extents, supported these findings.^*’
R EC EN T USE OF BEHAVIORAL GENETIC EVIDENCE IN  
CRIM INAL LAW
It was thought that the M obley case had opened the floodgates to 
the introduction o f behavioral genetic evidence in criminal trials, 
but in fact between 1994 and 2004, a defense based on “genetic 
defect” was introduced only 27 times in US courts. ‘̂'The majority 
o f  these cases carried death penalty and genetic evidence was 
used not to claim that the defendant was not responsible for the 
crime (as in an insanity defense) but at the sentencing phase to 
offer “genetic defect” as a mitigating factor. T hough the courts 
have treated  such evidence skeptically, no clear standard for 
admission o f  evidence emerged. It is quite possible that in future 
genetic evidence, while may no t by itself be decisive, may be 
used to support accepted mitigating factors, such as schizophrenia.
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In the 27 cases referred to above, most involved death penalty 
(21), life im prisonm ent (3) or a long im prisonm ent o f  35 years 
(1). U nlike evidence presented at the trial to establish guilt, a 
m uch broader leeway is given to  adm ission o f  ev idence for 
m itigation than for defense.^'* G enetic evidence has been used 
mainly in convictions for murder to mitigate sentence by validating 
mental illness or o ther well established mitigating factors. It has 
been used to claim that the defendant had a genetic predisposition 
to drug or alcohol addiction, and acted involuntarily under the 
influence o f alcohol or drugs.”  In this series o f 27 cases, the genetic 
defect claimed included the XY Y  condition (2), mental illness 
(16) and alcoholism
A DOUBLE EDGED SW ORD
In a criminal case, genetic evidence can be a double edged sword '̂*. 
A genetic abnorm ality  may appear as a valid defense against 
criminal conviction if  it can be shown by established scientific 
methods that there is a strong association between the abnormality 
and violent behaviour. If the association is weak, it may serve to 
mitigate punishment. In this situation, it would be similar to the 
plea o f  insanity im pairing judgm ent. However, insanity can be, 
and sometimes is, self limiting, and can often be treated effectively 
by m edication. G enetic defects are “perm anen t” , in the sense 
that the D N A  in every cell carries the abnorm ality. For the 
foreseeable future such abnormalities are incurable, though it is 
possib le  th a t som e ill affects m ay be  am e lio ra te d  by 
pharmacotherapy. For the criminal defendant, a claim o f  genetic 
abnormality is both  an opportunity and a potential d a n g e r .T h e  
same propensity to, say, violent behaviour, purportedly resulting 
from a genetic change may be grounds for denial o f  parole'* or 
bail while awaiting trial. Prosecutors may argue that the defendant 
has an irreversibly violent constitution, and should therefore be 
imprisoned for a longer period rather than for a shorter period, 
for the protection o f  society. If the defendant does not have genetic
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markers for m ental illness or alcoholism, prosecutors may argue 
that the defendant does no t have a psychiatric illness or o ther 
disorders as claimed by the defendant. man not found guilty 
o f  m urder by reason o f insanity may be confined to an institution 
for the criminally insane for life, or till he is found to be cured or 
no longer a danger to others. In this instance, his confinem ent 
may be longer than that o f a man found guilty. Indeed, if  a genetic 
change w ith a high propensity to violence were found that did 
invariably lead to  v io len t crim e, an argum ent for preventive 
deten tion  may be made. Thus, genetic changes may serve the 
prosecution as well as the defense, th o u g h  the trend  towards 
m edicalizing o f  crim e and behavior may favor the defense. A 
concern that will need to be addressed is that it may be possible 
to show that every criminal defendant has some genetic variation 
w hich has a possible relationship to antisocial behaviour,“  and 
su ch  fin d in g s m ay be used  to  sh ie ld  o ffen d ers  fro m  th e  
consequences o f  crim inal behaviour.
C O N C LU D IN G  REM ARKS
T he rapidity o f  advances in hum an genetics is such that m ore and 
m ore behavioral traits that have a strong genetic com ponent are 
bound to be uncovered. Because such findings will slowly seep 
into the popular consciousness, and into culture, literature and 
philosophy, they are likely to  m odify curren t concepts o f  free 
w ill. W h en  the  gene tic  foundations o f  hum an  b ehav io r are 
sufEciendy well understood, it is likely that the law will consider 
genetic changes leading to altered behavior as mitigating factors 
ak in  to  som e form s o f  m ental illness, w ith o u t d ilu tin g  the 
autonom y o f  the individual or the concept o f free will that are 
the basis o f civil society and individual liberty. Historically public 
understanding o f  the biological roots o f  hum an behavior has been 
influenced by unsubstantiated and sometimes fanciful theories 
Therefore, in order to enable accurate interpretation o f  genetic 
evidence by lawyers, judges and juries, it is essential that expert
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evidence is based on proven and verifiable facts. In other words, 
because o f  the aura o f  infalHbility that som etim es surrounds 
scientific evidence, w ha t is needed , perhaps even m ore than 
sagacity on the part o f  the judge, is rigour on the part o f  the 
scientist.
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